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O (57) Abstract: A system for recording, analyzing, editing, and playback of scents is disclosed. A scent can be sampled and rep- 

^ resented in various manners, such as by reference to an activation pattern of olfactory receptors (determined experimentally or by 
using computer programs), description of chemical structiue, description of its characteristics by a panel of human subjects, or its 
pattern of interaction with an artificial scent-sensing device (an "artificial nose" device). A scent emitter having a set of chemicals 

2 which can be volatilized is disclosed for re-creation of the scents from the stored scent representation. The scent representation can 
be transmitted over computer networks, such as the Internet, for re-creation at remote locations, and can be stored for re-creation 
of the scent at times different from the time of sampling of the scent. The system finds applications in advertisements which may 

^ appear on pages on the World Wide Web, in re-creating scents for forensic or quality control analysis, as enhancements to virtual 

^ reality simulations, customs creation of scents by scent designers, and other uses. 
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SYSTEM AND METHOD FOR ELECTRONIC RECORDING, ANALYSIS, EDITING, 

AND PLAYBACK OF SCENTS 



5 CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority benejSt of co-pending United States Provisional Patent 
Applications Serial Nos. 60/145,412, ffled My 23, 1999; 60/155,126, ffled September 22, 
1999; 60/158,495, ffled October 8, 1999; 60/158,615, ffled October 8, 1999; 60/181,113, ffled 
February 8, 2000; 60/181,1 15, ffled February 8, 2000; 60/184,809, ffled February 24, 2000; 
10 and 60/188,332, ffled-Maich 9, 2000. This application is also related to U.S. Nonprovisional 
Patent Application Serial No. (Not Yet Assigned), ffled July 21, 2000, and entitled "System 
and Method For Electronic Recording, Analysis, Editing, and Playback of Scents" (Attorney 
Docket No. 422852000340). The contents of those applications are hereby incorporated by 
reference herein in their entirety. 

15 

MICROnCHE/COPYRIGHT REFERENCE 
A Microfiche Appmdix is included in this application that contains material which is 
subject to copyright protection. The copyright owner has no objection to the facsimile 
reproduction by anyone of the Microfiche Appendix, as it appears in the U.S. Patent and 
20 Trademark Office patent ffles or records, but otherwise reserves all copyright rights 
whatsoever. 

STATEMENT OF RIGHTS TO INVENTIONS MADE UNDER 
FEDERALLY SPONSORED RESEARCH 

25 Not applicable. 



TECHNICAL FIELD 

The present invention is directed to a system and method for electronically recording a 

scent, optionally transmitting the electronic representation of tiie scent over a network, 

30 analyzing and editing the scent in electronic form, and re-creating tiie scent from the electronic 

representation. The present invention allows archival storage of scents and re-creating of 

1 
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scents on-dmiand either locally or at a remote site, 
advantage of this additional qualitative dimension. 



PCT/USOO/20029 
Many practical applications can take 



BACKGROUND OF THE INVENTION 
5 It is well-known that the sense of smell is important in human perception of events, 

objects, and the surrounding enviromnent. Scents from foods and the environment 
dynamically change an individual's interaction and in effect make each experience unique. 
Common interactions throughout the day involve scents from various sources. City sidewalks, 
coffee shops, flower shops, and many other sources of smell illustrate the blending of 

1 0 everyday olfactory sensory interaction between the people and tiie environment 

Many previous attempts have bem made to emich people's experience in a variety of 
settings by the use of scents. For example, there have been efforts to incorporate scents to 
various presentations by spreading odors in auditoriums or viewing rooms through the use of 
heating and spraying methods, with the purpose of enhancing cinematic, television, or other 

IS video entertainment AdditionaUy, other methods to provide odor have included itenis such as 
pre-programmed cartridges or other containers containing odorous substances. For example, 
U.S, Patent No. 5,591,409 and U.S. Patent No, 5,724,256 provide example of howodorant 
containers allow sc^ particles to permeate the air to provide the desired aroma However, 
these patents do not disclose how the scents are to be classified and indexed. 

20 Additional scent-related technology includes that described in US Patent 

No. 6,053,738, which is directed to a ^sense-simile transmission machine;" US Patent 
No. 6,024,783, which describes aroma sensory stimulation in multimedia; US Patent 
No. 6,004,516 and International Patent Application WO 99/08174, vAnch describe an 
apparatus for generating odor upon electronic signal demand; US Patent No. 5;999,105, \Anch 

25 describes a multiple sensory message center ^paratus; US Patent No. 5,996,396, which 

describes an apparatus for determining odor levels in gas streams; US Patent No. 5,995,770, 
which describes a system and method for delivering a scent to a photographic print; US Patent 
No. 5,987,466, which describes presenting web pages with discrete, browser-controlled 
complexity levels; US Patent No. 5,985,214, directed to a system and methods for rapidly 

30 identifying useful chemicals m liquid samples; US Patent Nos. 5,974,444,^5,696,901, and 
5,544,320, which describe a remote information service access system based on a client- 
server-service model; US Patent No. 5,972,290, vMch describes a process and equipment for 
the programmed scenting of environments; US Patent No. 5,966,126, to a grq)hic user 
inter&ce for database systems; US Patent Nos. 5,963,302 and 5,832,320, which desodbes a 
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process and device for difiSising perfumes that correspond to events or scenes during 
cinematographic representations and tiie like; US Patent No. 5,949,522, i^ch describes a 
multimedia linked scent delivery system; US Patent No. 5,930,803, to a method, system and 
computer program for visualizing an evidence classifier; US Patent No. 5,887,11 8, which 
5 describes an olfectory card; US Patent No. 5,782,692, to a time-segmented multimedia game 
playing and authoring system; US Patent Nos. 5,767,385 and 5,613,909, directed to an 
automated forced-choice dynamic dilution olfactometer and method of operating the same; US 
Patent No. 5,761,071, which describes a browser/kiosk system; US Patent No. 5,727,1 86, a 
simulation apparatus and gas dispensing device used in conjunction therewith; US Patent 

10 No. 5,724,256, directed to a coinputer controlled ol&ctory mixer and dispenser for use in 
multimedia compotes: applications; US Patent No. 5,682,330, to a repetitive evesA analysis 
systen^ US Patent No. 5^591,409, ^^diich describes a method for providing aromas; US Patent 
No. 5,574,821, to a phig-in volatile substance dispenser and a method for dispensing volatiles; 
US Patent No. 5,526,281, v^ch describes a machine-learning spptoach. to modelmg 

15 biological activity for molecular design and to modeling other characteristics; US Patent 

No. 5,382,410, directed to an electrostatic v^r/aerosol generator with method and apparatus 
for conditioning building spaces; US Patent No. 5,196,171, an electrostatic vq)or/aerosol/air 
ion generator; US Patent No. 5,120,709, a method for enhancing firagrance applications; US 
Patent No. 5,090,232, a method and apparatus for detecting odors; US Patent No. 5,071,621,a 

20 method of supplying scents to a room of a motor vehicle; US Patmt No. 5,069,877, an article 
for difiusing volatile substances, particularly perfiime; US Patent No. 4,934,386, an ^paratus 
for assessing responses of humans to stimulants; US Patent No. 4,629,604, which describes a 
multi-axoma cartridge player; US Patent No. 4,61 1,294, a method of and apparatus for 
monitoring odorizer performance; US Patent No. 4,532,530, a bubble jet printing device; US 

25 Patent No. 4,037352, an electrical device which emits insecticidal V£5)ors; US Patent 

No. 4,009384, a lamp scent unit; US Patent No. 2,871,526, directed to porous containers for 
thickened air odor control liquids; and US Patent No. 2,562,959, electromechanical scent 
distribution to accompany a motion picture. 

Odier documents describmg scent-related technology include WO 00/15269, to 

30 methods and apparatus for odor reproduction, and WO 00/15268, methods and £q>paratus for 
odor transmission; WO 99/48539, which describes a method for aroma delivery; 
WO 99/48469, directed to a composition for aroma deUvery; WO 99/38102 Al, which 
describes an ol&ctory emitting system; WO 99/16476, to a device for reproducmg or 
synthesizing odors or aromas; WO 96/02887, a vutual reality and remote reality system; and 
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WO 90/05965, a process for identifying a person for access to an installation, premises and/or 
equipment, on the basis of the person's characteristic odor; EP 0 883 049 , to an ol&ctometen 
EP 0 831 384, to methods and systems for controlling olfactory stimuli; EP 0 775 961, to a 
virtual reality and remote reality system; EP 0 632 268, to an apparatus and method for 
5 determining the indoor air qiwlity within an enclosed space; EP 0 41 1 681, to cooking oils 
with reduced odor-producing tendencies; EP 0 325 468, to a method of supplying scents to a 
room of a motor car; EP 0 290 065 Bl, which describes food or beverage compositions with 
altered flavor display; EP 0 123 746 A2, which describes a disc-playing aroma generator; 
CN 1087994, \^ch describes a complex array piezoelectric crystal olfaction biological 
10 sensing detectoi^ DE 196 04 600, which desc^bes a procedure and mechanism for the 
detecting and reduction of smells and odors; FR 2,501 ,468, vMck describes an insecticide 
evaporator casing; and GB 2,279,010, to a device for selectively generating perfume gas. 



IS It would be of great utility to be able to record any scent in electronic format for 

storage, transmission, analysis, and playback. Much like tibie use of recorded audio and video, 
recordings of various scents could be used^in a variety of contexts to enrich the experience of 
simulation. These scents, indexed by various categories, could be retrieved for transmission 
and playback within the proper context Expanded possibilities for commercial, entertainment, 

20 administrative purposes exist with such capabilities. It would be highly desurable to employ a 
system capable of c^turing, recording, transmitting, reconstructing, and emittmg the 
necessary scents to enhance various multimedia inresentations. Provided that the scents are an 
accurate representation or approximation of the desired aromas, the featured presentations 
would have an added dimension of reality. 



25 



SUMMARY OF THE INVENTION 



In one embodiment, the invention embraces a system and method for electronic 
recording, analysis, editing, and playback of scents is described. There are two basic 
subsystems in this embodiment (i) a recording subsystem for capturing and interpreting scents 
30 as well as converting scents to electronic files and analyzmg or editing those files 

dectronicdlly, and (ii) an raiission subsystem for rq>rQducmg scents. The present invention 
will make possible the capturing, recording, transmitting, reconstructing, and emitting of any 
scent, or of a particular subset of scents, for a wide variety of applications. The scents will be 
electronically recorded and indexed for proper retrieval. 
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In this embodiment, scents can be captured, analyzed and recorded by a sensory device 
using various metihiods. Scent capture can be initiated by the user or by an automatic sensing 
system. A scent can be analyzed in terms of its interaction with olfactory neurons of a 
mammalian, preferably human, olfactory system (measured either by interaction with a 
5 biological preparation of receptors or computer simulation of the interaction with receptors), 
or in terms of its perception by a panel of mammalian, preferably human, subjects, or in terms 
of the stracture of the chemical components of the scent itself. The interaction with olfactory 
neurons can be determined experimentally, in vitro, by determining the interaction of an 
odorant with ol&ctory neurons of a given type Q.e., an ol£ictory neuron e^qiressing a particular 

10 ol&ctoiy receptor). Alternatively, the interaction with ol&ctory neurons can be deteni^ 
using a computer simulation which provides information regarding interaction of an odorant 
withlheol&ctory recq)tors. A panel of subjects can be used to represent odors in terms of 
Ihdr perception. The data so generated can be used to represent a scent in a manner i^ch can 
be recorded in electronic or other format, stored in media such as computer memory, disks, or 

IS printed format, and transmitted over a data network. The representation of the scent can be 
used to re-create the scent at a local or remote site using an emitter module. The 
representation of the scent allows for scent editing, where desirable aspects of an odor are 
enhanced or added and undesirable aspects are attenuated or eliminated. 

The various embodiments of the present invention will be usefol for various 

20 commercial purposes. A particular scent could be used in conjunction with a product to 
promote its characteristics and the sale of the product Retail stores and online shops can 
enable consumers to smell new products before purchase. Electronic encoding wiU also allow 
computer simulation and creation of new scents. Furthermore, existing scents can be edited to 
improve or enhance desirable characteristics. In the context of multimedia presentations, the 
. 25 electronic scent data may be embedded in a multimedia file to syndm)nize the production of 
scents along with visual and audio presentation of the multimedia content For example, 
virtual reality games could now include scent for more realistic game play. 

In another embodiment, the invention encompasses a method for representing a scent 
comprising the steps of profiling the scent based on one or more elements fix)m an ordered set 

30 of elements to obtain a scent profile; and electronically representing the scent profile, wherein 
the scent may be substantially reproduced by an emittmg device based on the electronically 
represented sc^ profile. Theonleredsetof elements can be linear in relationship, to permit 
substantially predictable reproduction of any scent by selecting the elements in selective 
quantity. The scent profile can be based on one or more elements fix)m an ordo^ set of 



SUBSTITUTE SHEET (RULE 26) 



wo 01/007093 PCTAJSOO/20029 

elements tiiat is independent of a mammalian ol&ctory system. Alternatively, the ordered set 
of elements is a set of scent components relative to a mammalian olfactory system. 

The method of genemting the scent profile can comprise the steps of analyzing the 
scent to determine one or more scent components that makes up the scent in reference to an 
5 olfactory space, and characterizing the scent based on the one or more scent components. The 
analyzing step of this method can include the step of determining the relative intensity of each 
scent component. The analyzing step of this method can also include the step of determining 
the one or more scent components based on selective binding of chemical components making 
up the scent to ol&ctory receptors in the ol&ctory space, and determining tiie relative intensity 

10 of interaction of the chemical conqx)nents with the ol&ctory receptors, where the scent is 

characterized fiirttier based on the intensity of the interaction wi The 
scent conrponents can be e}q)ressed by using at least one of the following type of components: 
receptor primary scent components, receptor complex scent conqx)nents, receptor quasi- 
primary scent components, perceptive primary scent components and perceptive complex 

1 5 scent components. 

The invention also encompasses electronic represention of a scent by creadng or 
obtaining a vector representation of the scent praGle. The vector representation can be based 
on a set of orthogonal basis vectors, each vector representing &e status of the binding of an 
olfactory recqptor in tte ol&ctory sfpace and the relative intend The 

20 electronically represented scent profile can be electronically stored in a file for archival and/or 
transmission. 

In another embodiment, Hxe invention also encompasses a method for reproducing a 
scent comprising the steps of obtaining a electronic representation of the scent based on its 
scent profile, where the scent profile is based on one or more elements fcom an ordered set of 

25 elements; and activating one or more corresponding chemical components in accordance with 
the electronic representation of the scent profile, wherein the one or more chemical 
components when interacted with a user's ol&ctory receptors produce a perception of the scent 
to the user. The ordered set of clients can be linear in relationship, permitting substantially 
predictable reproduction of any scent by selecting the elements in selective quantity. The 

30 ordered set of elements can be a set of scent components relative to a mammalian olfactory 
system. The scent conqx>nents can be defined based on selective bindii^ of chemical 
components making up the scent to ol&ctory receptors. The electronic representation can 
comprise information representing the relative intensity of the chemical components to be 
activated, so as to result m interaction of tfie chemical con4>onents with ol&ctory receptors in 
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the appropriate relative intensity for a user to perceive the scent that is being reproduced. The 
one or more elements can be defined in relation to a set of scent components in an olfactory 
space, and the electronic representation can include infoimation representing the relative 
intensity of the scent components in Ae scent profile. As in the previous embodiment, the 
5 electronic representation can a vector representation of the scent profile, and the vector 

representation can be based on a set of orthogonal basis vectors, where each of the vectors can 
represent selective binding to an olfactory receptor in the olfactory space and the relative 
intensity of iiiteraction thereof to reproduce the scent The scent components can be Gxpressed 
as one or more of receptor primary scent components, receptor complex scent components, 
10 receptor quasi-primary scent components, perceptive primary sc&at components, and 
percq>tive complex scent components. The electronic rq)resmtation of die scent can be 
transmitted or received electronically via an information exchange network, such as the World 
^de Web or the Intemet 

15 

The step of activating one or more corresponding chemical components in accordance 
with the electronic representation of the scent profile can be performed by a scent emittuig 
device that operates on the electronic representation ofthe scent profile. The scent emitting 
device canoperates on one or more index values "^ch correlate to Hie chemical components 
20 available at the emitting device. 

As in ihe previous embodiment, the scent profile can based on elements from an 
ordered set of elements that is independent of a mammalian olfactory system. The ordered set 
of elements can be transformed into an ordered set of elements relative to a mammaUan 
olfactory system. 

25 In another embodiment, the invention encompasses a method for electronically 

creating a scent, comprising the steps of selecting two or more elements firom an ordered set of 
elements that relates to an ol&ctory space, electronically manipulating the two or more 
elements to create a electronic representation of a scent that has the desired olfactory 
characteristic, and substantially reproducing the scent by an emitting device based on the 

30 electronic representation. The electronically manipulating stqp can comprise the step of 

combiiiirig the two or more elemerits in £g)propriaterektive intensity to create the scent The 
ordered set of elemmts can be linear in relationship, to permit substantially predictable scent 
characteristics by selecting the two or more elements in selective quantity. The ordered set of 
elements can be a set of scent components relative to a mammalian olfactory system, and the 
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two or moie elements can defined within a set of scent components in an olfactoiy space. The 
scent components can be defined based on selective binding of chemical components making 
up the scent to olfiictory receptors. The scent components can be represented electronically as 
a vector representation. The vector representation can be based on a set of orthogonal basis 
5 vectors, where each vectors represents selective binding to an olfactory receptor in the 

olfactory space and the relative intensity of interaction thereof, in order to reproduce the scent 
The scent components can be expressed as one or more of receptor primary scent components, 
receptor complex sc^t components, receptor quasi-^primary scent components, perceptive 
primary scent components, and perceptive complex scent components. The scent profile can 

10 be based on elements fix)m an ordered set of elements that is independent of a mammalian 
ol&ctory system. The electronic manipulation step can include assigning one or more index 
values which correlate to scent emitting components available at the emitting device. . 

In another embodiment, the invention encompasses a method for editing or 
customizing a scent This editing or customizing con^nises the steps of electronically 

IS representing the scent based on one or more elements fi:om an ordered set of elCTients; and 
performing one or more steps of adding, removing, or changing the relative intensity of one or 
more elements to obtain a modified scent 

In another embodiment, fte invention provides for a method for identification of an 
object, a concept or an event, comprising the steps of providing a electronic scent file 

20 representing a scent, where the electronic scent file is based on one or more elements fix>m an 
ordered set of elements and where tiie scent can be substantially reproduced by an emitting 
device based on the electronic scent file, and associating the scent to ttie object, concept or 
event, where the object, concept or event can be identified by reproducing the scent firom the 
electronic scent file. The object, concept or event can be at least one of daily events in life, 

25 advertising, promotion, product, service, content delivery, hardware operating status, thought, 
location, physical object, tangible object and intangible object "Daily events in life" can be, 
but are not limited to, e2q)eriences such as waking up, washing, walking down a street, 
entering a kitchen, entering a restaiirant, entering a movie Iheater, and other such events. 
In another embodiment, the invention provides a method for fingerprinting a scent 

30 This method comprises the steps of representing the scent based on one or more elem^t3 fix>m 
an ordered set of elemmts to obtain a scent representation, and electronically representing the 
scent representation to form a electronic fingerprint of the scent, where the scent can be 
substantially identified based on the electronic scent representation. The ordered set of 
elements can be linear in relationship. The scent repres^itation can be based on an ordered set 
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of elements that is indepeadent of a mammalian olfectoiy system, of the ordered set of 
elements can be a set of scent components defined relative to a mammalian olfactoiy system. 
The scent representation can include information concerning the relative intensity of each 
element If the ordered set of elements is defined independently of a mammalian olfactory 
5 system, the ordered set of elements can be transformable into another ordered set of elements 
that corresponds to a mammalian olfactory system, such as an ordered set of sc^t 
components; the resulting profile can be in electronic form, able to be stored in a file for 
archival and/or transmission. The scent components can be expressed as one or more of 
receptor primary scent components, receptor complex scent components, receptor quasi- 
10 primary scent components, perceptive primary scent components, and perceptive complex 
scent componCTts. 

In another embodiment, the invention provides for a method for identifying the 
operating status of a hardware or software system, comprisiiig the steps of provi^ 
electronic scent file representing a scent, i^erein the electronic scent file is based on one or 

1 S more elements firom an ordered set of elements and wherein the scent may be substantially 
re(»x>duced by an emitting device based on the electronic scent file, and associating the scent 
to the operating status of tiie hardware or software system, whereby the operating status may 
be identified by reproducing the scent fiom the electronic scent file. 

In another embodiment, the invention provides for a method for simulating events, 

20 comprising the steps of providing a electronic scent file representing a scent, where the 
electronic scent file is based on one or more elements j&om an ordered set of elements and 
vAerein the scent may be substantially reproduced by an emitting device based on the 
electronic scent file, and associating the scent to an event, hereby the event is simulated by 
reproducing the scent fix)m the electronic scent file. The event can be a daily event in life. 

25 In another embodiment, the invention provides a system for transmitting a scent over 

an information exchange network, comprising means for profiling the scent based on one or 
more elements fix>m an ordered set of elements to obtain a scent profile, means for 
electronically representii^ the scent profile, where the scent can be substantially reproduced 
by a scent emitting device based on the electronically represented scent profile, means for 

30 transmitting the electronically represented scent profile over the information exchange 
network, and means for receiving the electronically represented scent profile from the 
information exchange network. The information exchange network can be the Internet The 
system can further conQ)rise means for the identification of the scent fix)m the electronically 
represented scent profile, and a scent emitting device structured and configured to operate on 
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the electronically represented scent profile ^ch substantially reproduces the scent. The scent 
emitting device can comprise means to selectively vaporize one or more corresponding 
chemical componmts in an appropriate relative intensity in accordance with the electronically 
represented scent profile, where the one or more chemical components when interacted with a 
5 user's olfactory receptors produce a perception of the scent to the user. The scent emitting 
device is structured and configured to further operate on one or more index values which 
correlate to the chemical con^nents that are made available at the emitting device. 

The means for profiling the scent can comprise means for analyzing the scent to 
determine one or more elements that makes \sp titie scent, and means for characterizing the 

10 scent based on fte one or more elements. The means for transmitting can transmit the 

electronically rq)iesented scent profile in a standalone file or as part of anofter file and the 
electromcaUy represented scent profile can be referenced in another file. The system can 
further comprising means for synchronizing the reproduction of ihe electronically represented 
scent profile to the ^ecudon of the another file. The electronically represented scent profile 

IS can be a electronic fingeiprint of the scent 

The means for reproducing the scent can comprise means for transforming the scent 
profile to a scent profile that is based on an ordered set of elements relative to a mammalian 
ol&ctory system. The means for reproducing the scent can comprise a scent emittmg device 
structured and configured to opiate on the transformed scent profile to substantially 

20 reproduce the scent. 

The invention also provides for an operating system for a scent raiitting peripheral 
device, comprising means for processing a electronic representation of a scent profile, vfhexe 
the scent profile is created based on one or more elements fix>m an ordered set of elements; 
and nieans for instructing tihie scent emitting peripheral device based on the electronic 

25 representation ofthe scent profile. This operating system can be a component of another 

operating system. Hie operating system can be in the form of a peripheral device driver. The 
ordered set of elements can a set of scent conqponents relative to a mammalian ol&ctory 
system, and the elements can defined within a set of scent components in an olfactory space. 
The electronic representation can include information representing the relative intensity of the 

30 scent componeots in the scent profile. The scent components can be defined based on 
selective binding of chemical components making up tiie scent to olfactory receptors. The 
electronic rqnresentation can comprise mformation representing the relative intensity of llie 
chemical coniponents to be activated so as to result in interaction of the chemical components 
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with olfactory receptors in appropriate relative intensity for a user to perceive the scent that is 
being reproduced. 

The operating system can use a electronic representation which is a vector 
representation of the scent profile. The vector representation can be based on a set of 
5 orthogonal basis vectors, where each vector represents selective binding to an olfactory 

receptor in the olfactory space and the relative intensity of interaction thereof, to reproduce the 
scent The scent components can be expressed as one or more of receptor primary scent 
components, iGceptar complex scent components, receptor quasi-primary scent components, 
percqptive primary scent con^nents, and perceptive complex scent components. The 

10 operating system can perform the step of activating by utilizing a sc^ emitting device that 
operates on the electronic representation of tiie scent profile, such as a scent profile based on 
elements &om an ordered set of elements that is independent of a mammalian ol&ctory 
system. That set ofelements can be traiisformed into an ordered set ofelements relative to 
mammalian ol&ctory system. 

IS The invention fiirttier provides for a method of electronic distribution of scents, 

comprising the steps of providing an electronic dq>ository of electronic repres^itations of 
scents, where the electronic representations are electronic sc^t profiles each based on one or 
more elements &om a ordered set of elements, authorizing user access to the depository, and 
providmg access to tiie depository to autiiorized users. The depository can be made available 

20 for access via an information exchange network, such as tiie Intemet or the World Wide Web. 

The invention fiirther provides for a method for delivering electronic content to a user. 
This method comprises providing the electronic content; referencing in tiie electronic content 
a electronic scent file representing a scent relating to the content, wherein the electronic scent 
file is a electronic representation of a scent profile that is based on one or more elements fix)m 

25 an ordered set ofelements; and offering the user an opportunity to activate a scent emitting 
device using tibe electronic scent file to generate the scent to provide a scent effect in addition 
to visual, audio, or tactile effects, thereby to improve user perception or enjoyment of the 
content. 

The electronic scent file can made available to the user via a recorded medium. 

30 Alternatively, both the electronic content and the electronic scent file can be made available to 

the user online. The content can be presented using a electronic inforniation file tiiatre£ 

the electronic sc^ file; the electronic scent file can be fimctionally coupled to or included in 

the electronic information file. The electronic scent file can be applied to activate the scent 

emitting device upon user interaction of tiie electronic infonnation file. The electronic 
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information file can contain a link to the electronic sc^t file, vAiere the electronic scent file is 
applied when the link is activated by a user. Alternatively, the electronic scent file can 
activate the scent emitting device without user intervention when the content is displayed. The 
link cm be to a server that serves the electronic scent file to the user upon t^^ 
5 link. The server can include a depository of a plurality of electronic scent files, each 
corresponding to a different scent 

The electronic content can comprise video (visual) content, audio content, or both 
video and audio content, and the operation of the scent emitting device and the application of 
the electronic scent file can controlled such that the scent generated is synchronized to the 

10 events in the video content, audio content, or both the video and audio content during playback 
thereof Examples of electronic control include, but are not limited to, movies, videos, Web 
pages, banner advertisements, music, books, reference works, maps, pictures and other images, 
and the state ofa device or operating ^stTOL The electronic content can be provided in 
various formats, including, but not limited to, videot^s, audiotapes, cassette tapes, compact 

IS disks (CD's), digital video disks or digital versatile disks (DVD's), computer memory devices 
such as ROM, RAM, PROM, EPROM, bard disks, floppy disks, electronic files, software 
cartridges, Web pages, file servers, and the like. 

The invention fiirther provides a process for improving promotion of a product or 
service to a user, comprising the steps of providing a electronic scent file representing a scent 

20 relating to the subject matter of a promotion, and offering the user an opportunity to activate a 
scent emitting device by applying the electronic scent file to generate the scent to provide a 
sensory effect in addition to a visual and/or audio effect of the promotion. The electronic 
scent file can be a electronic representation of a scent profile based on one or more elements 
fix>m an ordered set of elements. The actual product or service need not be made available to 

25 the user at the time of the promotion. The promotion can be presented online using a 
electronic promotion file that includes or refers to the electronic scent file, or where the 
electronic scent file is made available to the user upon user request The promotion can be 
presented as an advertisement in abanner in a web browser interface, and the electronic sc^ 
file can be fimctionally coupled to the baimer. Alternatively, the banner can be presented 

30 using a electronic banner file which includes the electronic scent file. The electronic scent file 

can activate the scent emitting device without user intervention when the banner is displayed., 

or the electronic scemt file can activate die scent emitdng device upon user selection of the 

banner, llie banner can contain a link to the electronic scent file, so that the electro 

file can be applied when the link is activated by a user. The link can be to a server ^t serves 
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the electronic scent file to the user upon activation of the link by the user. The server can 
include a depository of electronic scent files, each corresponding to a different scent 

The invention fiirther provides for a process for facilitating user selection of a product 
or service, comprising the steps of identifying a scent associated with the product or service; 
S providing a electronic scent file representing the scent; and offering the user an opportunity to 
activate a scent emitting device by applying the electronic scent file to generate a samplmg of 
the scent The actual product or service need not be made available to the user at the time of 
user selection of the product or service. The product or service can be offered online, Avith the 
electronic scent file made available to the user online to &cilitate user selection of the product 

10 orservice. The pioduct or service can be presented using a electronic infonnationfi^^ 

refers to the electronic scent file. Hie electronic scent file can be functionally coupled to or 
included in the electronic information file 

The electronic scent file can be i^lied to activate the scent emitting device either witii 
or without user intervention vibsa the electronic information file is displayed. The electronic 

IS information file can contain a Imk to the electronic scent file, i^erein the electronic scent file 
is ^plied when the link is activated by a user, or the link can be to a server that serves the 
electronic sc^ file to the user iqx>n activation ofthe link by the user. The server can include 
a dq}ository of electronic scent files, each representing a different scent 

In another embodiment, the invention provides for an emitting device for generating a 

20 scent comprising means for receiving a electronically represented scent profile that is based on 
one or more elements fix)m an ordered set of elements, wherein the scent profile represents the 
scent to be created; means for holding chemical components vMch may be selectively 
activated to create a perception of the scent; means for activating individual chemical 
components; and means for controlling the means for activating the individual chemical 

25 components in accordance with the electronically represented scent profile to generate the 
scent The means for activating can comprise means for v^orizing the individual chemical 
components. The means for controlling can selectively v^rize the individual components in 
£^ropriate relative intensity in accordance with the scent profile. The emitting device can 
further comprise means for blending the vs^orized chemical components, and can comprise 

3 0 means for delivering a stream of air to transport the v^rized chemical components to emit as 

tiie scent fix>m tiie device. In one embodiment, the means for holding chemical components 

comprises interchangeable cartridge means for holding a limited set of chemical components 

required for generating sc^its relevant to a specific education. The means for controlling can 

comprise means for operating on one or more index values that correlate to the chemical 
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componeiatstimt are made avaUable at tiie emitting de^ The scent profile can be based on 
elements fiom an ordered set of elements that is independent of a mammalian ol&ctory 
system, which can be transformed into an ordered set of elements relative to a mammalian 
olfectory system. 

5 The emitting device can contain at least one of the chenwcal components in solid phase 

or in liquid phase. The liquid phase chemical component can pressurized for delivery for 
vq)orization or as an aerosol. 

In a further embodiment, the invention provides for a scent emitting device comprising 
a plurality of reservoirs for containing diemical components; one or more evaporation 

10 diambers in which chemical components evirate and mix; a plurality of capillaries in fluid 
communication with the reservoirs and the evaporation chamber, i^ere the chemical 
conq)onents flow through flie capillaries to the evaporation chamber by c£q>illaiy action; and 
control means for selectively regulating the flow of the chemical component through each 
oqiillary, so as to deliver the appropriate chemical components in the appropriate amount to 

IS Ihe eviration chamber to be evirated and mixed to create a desired scent Thecontrol 
means can comprise micro-valves, each r^^ilating the flow through a c^illary, and a 
controller stmctured and configured to selectively control the operation of the micro-valves 
based on irqput data that represents the scent to be created The ev{q)oration chambers 
comprises means for heating flie chemical components delivered to the evaporation chamber. 

20 The scent emittmg device can fiirdier comprise means for delivering a stream of an: through 
the evaporation chamber to transport the evaporated chemical components to emit.as the scent 
from the device. 

hi another embodiment, the invention provides for a scent emitting device comprising 

25 a plurality of reservoirs for containing chemical components; an evaporation platform on 

which chemical components are deposited, evaporated and mixed; a plurality of conduits in 

fluid communication with the reservoir and &e evaporation platform, wherein the dbemical 

components flow through the conduits to the evapomtion platform; heatmg means for 

selectively heatu^ ttie chemical component in each reservoir to fiicdlitate delivery of the 

30 chemical component through the conduit and deposition on the evaporation platform; and 

control means for selectively regulating the flow of the chemical component through each 

conduit by selectively controlling heatmg of the heating means, so as to deliver the appropriate 

chemical coniponents in the appropriate amount to the eviration platform to be evaporated 

and mixed to create a desned scent The scent knitting device can further comprise meaiis for 
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heating the ch^nical components deposited on the evaporation platform. The chemical 
components can be deposited on respective regions on the evaporation platform and tiie means 
for heating the chemical components deposited can comprise means for selectively heating the 
regions to achieve the desired evaporation rate for the respective chemical components so as to 
5 achieve the desired intensity of the chemical components for mixing to create the scent The 
control means can comprise means for controlling operations of the separate heating means in 
^chronization based on input data that represents the scent to be created. 

In anoth^ embodiment, the scent emitting device further comprises means for 
delivering a stream of air over the eviration platform, to transport ihs> evaporated chemical 
10 components to be emitted as the scent fit>m the device. Means can be included for moving the 
evaporation platform to transport the chemical components deposited thereon away from the 
conduits. The evaporation platform can be designed to transfport the chemical components to a 
heating station downstream in the direction of travel of the evaporation platform, where the 
chemical components are selectively heated and evaporated at the heating station so as to 

IS tnfmmiVjR ftvapnratinn nirtRide nf the hearing station. The evq)Oration platform Can made of a 

fibrous sheet material or a high sur&ce area material which absorbs the chemical components 
deposited Ifaereon, such as blotting p^)er or gauze. The fibrous sheet material or high sur&ce 
area material can in the form of a continuous roll, and the means for moving unwinds the roll 
at one end to let the material pass under the conduits and to the heating station, and winds the 

20 roU at another CTd totals up the iiiaterial after it passed the heating station. Alternatively, the 
evapomtion platform can conqirise a plurality of pads, each positioned under a conduit, \^ere 
each pad can be separately and selectively heated. Heating elements can include, but are not 
limited to, resistance heaters, streams of hot air or otiier gases, lasers, infrared emitters, lamps, 
and other devices capable of emitting, transmitting or imparting heat to a substance. 

25 The control means of the scent emitting device can comprise means for controlling the 

operations of the heating means, the heating station and the means for moving the evaporation 
platform to synchronize the deposition of the appropriate chemical components in the 
appropriate amount and the evaporation thereof in the appropriate mtensity, based on input 
data tiiat represents the scent to be created. 

30 In another embodiment, the mvention provides for a scent emitting device vMch 

comprises a plurality of reservoirs for containing chemical conq)onents; an air flow tube 

operatively coupled to each reservoii^ a plurality of conduits in fluid communication with the 

reservoirs and the air flow tube, in a manner herein the chemical components are drawn 

through the conduits by air flow in tiie air flow tube; and control means for selectively 
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regulating the flow of the chemical component through each conduit, so as to deliver the 
appropriate chemical components in the appropriate amoxint to the air flow tube. The control 
means can comprise a plurality of valves, each regulating the flow through a conduit; and a 
controller structured and configured to selectively control the operation of the valves based on 
input data that represents the scent to be created. The device can further comprise means for 
delivering a stream of air through the ah: flow tube to transport the chemical components 
drawn from the conduit to emit as the scent from the device. The air flow tube can be a 
Venturitube. The conduits can be comprised of tubes. 



BRIEF DESGRIPTLON OF THE DRAWINGS 
Figare 1 is a schematic representation of the system for electronic recording, analysis, 
editing, and playback of scents; 

Figure 2 is a schematic representation of an alternate embodimeat of an emitter 
1 S subsystem in \^ch a deep well plate is used to store the scent reagents; 

Figure 3A is a schematic representation of an alternate embodiment of an emitter 
subsystem in vAnch a heating plate is used to vs^rize scent chemicals; 

Figure 3B is a schematic representation of an altemate embodiment of an emitter 
subsystem in which a resistor powered heating plate is used to vaporize scent chemicals with 
20 dif^nt regional temperatures; 

Figure 4 is a schematic representation of an altemate embodiment of an emitt^ 
subsystem in v^ch a blotter paper is used to vaporize scent chemicals over a stationary 
heating element; 

Figure 5 is a schematic representation of an altemate embodiment of an emitter 
25 subsystem in which individual heated pads below each orifice is used to vaporize scent 
chemicals; 

Figure 6 is a schematic representation of an altemate embodiment of an emitter 
subsystem in which a Venturi tube is used in conjunction with the fluid mechanical pxx>perties 
of moving air to v^x>rize scent chemicals; 
30 Figure 7 is a schematic representation of an altemate embodiment of an emitter 

subsystem in i^ch a high sur&ce area medium, such as a gauze is used to vaporize scent 
chemicals; and 

Figure 8A is a flow diagram depicting Ihe process of representing a scent as a scent 

object 
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Figure 8B is a flow diagram depicting fhe process of converting the vectors composiog 
a scent object into a scent palette vector (left) or convertiag a scentographer's design effort 
into a scent palette vector (right). 

Figure 9 is a class diagram for a scent object. 
S Figure 10 is an example of a scent object 

Figures llA, IIB, and IIC are tabular representations of the example scent object 

Figure 12 is a diagram showing the chemical structure of gamma-terpinene. 

Figure 13 is a pictorial representation of the sequence of scent digitization, 
broadcasting and synthesis. 
10 Figure 14 is a pictorial diagram of some of the various applications of the electronic 

scent concept of tiie present invention. 

Figure 15 is a histogram of computer-generated Euclidean differences fi3r unlike 

scents. 

F^nre 16 is a histogram of computer-generated Euclidean differences for like scents. 
IS Figure 17 is a histogram of computer-generated Euclidean differences for like scCTts. 

Figure 18 is a histogram of compute-generated Euclidean differences for unlike 

scents. 

Figure 19 is a histogram of computer-generated Euclidean differences for like scents 
for molecules with ^strong^ scents. 
20. Figure 20 is a histogram of compiite-generated Euclidean differences for unlike 

scents for molecules with "strong" scents. 

Figure 21 is a histogram of computer-generated Euclidean differences for like scents 
using longer vectors for distance coinparisons. 

Figure 22 is a histogram of computer-generated Euclidean differences for unlike 
25 scents using longer vectors for distance comparisons. 

Figure 23 is a histogram of computer-generated Euclidean differences for like scents 
usmg variations in the order in \^ch entries were run. 

Figure 24 is a histogram of computer-generated Euclidean differences for like scents 
using variations in the order in which entries were run. 
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DETAILED DESCRIPIION OF THE PREFERRED EMBODIMENT 
The present description is made for the purpose of illustrating the general principles of 

the invention and should not be construed to limit the invention. 

The present system comprises various components. The system is structured and 

configured for enabling the following functions; the functions can be performed separately or 

in conjunction with each other: 

1. capturing aphysical sample of the scent; 

2. analyzing the scent, by determining the interaction of the scent with olfactory 
receptors (e.g., quantitating the scent in terms of "^olfactory space"' vectors, by 
computer simulations of the interaction of the scent with ol&ctory receptors) by 
using a subjective scent analysis system, by using chemical analysis and/or 
computer modeling of the chemical components of the scent; or by using other 
techniques fen: scent analysis; 

3. classifying, indexing, and/or electronically representing the scent and its 
components; 

4. electronically transmitting and/or archiving the electronic representation of the 
scent; 

5. reconstnicting the scent fiom the electronic representation; and 

6. emitting the scent 

Referring to HG. 1, the system 10 is composed of two basic subsystems, (i) a 
recording subsystem 12 \^ch comprises of a sensory subsystem 20 for capturing scents and 
an interpretation subsystem 30 for converting scents to digital or other electronic files and 
analyzing or editing those files electronically and (ii) an emission subsystem 40 for 
reproducing scents. The subsystems may be coupled electronically via an information 
exchange network, such as via a wide-area-network (WAN) SO such as the Internet Each of 
the subsystems are described below in detail. 

Scent Analysis/Recording 

One embodiment of the invention is directed to a system that detects, analyzes, records, 
interprets, transmits (in digital or other electronic representation) and re-creates scents. The 
scent analysis module of this system can be implemented in a variety of ways. 

The detection ofthe presence of a scent is straightforward. In one embodiment, the 

user simply signals to the system (via a swi^ or other device) that a scent is present and 
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should be analyzed; the scent or scent-emitdng object can be presented to the intake valve of 
the device (the '*nose*' of the system). Alternatively, the detection of the scent can be 
performed automatically, as it involves simply detection of a volatile compound not present in 
the "resting" state of the device. Thus, a baseline can be created by sampling the surrounding 
5 air, and analyzing the baseline using one or more of various chromatographic, spectroscopic, 
or other analytical techniques (including, but not limited to, gas chromatography, gas-liquid 
chromatography, mass spectroscopy, optical or UV spectroscopy, or ionizing radiation 
devices). Deviation from the baseline by a predetermined threshold signals that a scent is 
present and should be analyzed. 

10 Analysis of the scent can be performed in a number of ways. Various embodiments of 

tibie scent analysis system are presented. Theories of how these embodiments operate are also 
presented, although it should be emphasized that the invention is not limited by any particular 
theory of olfactory perception or scent analysis. An '^analysis module/' as part of a system for 
scent analysis, is either one or more humans, or a device, vMch implements a method of 

IS representing a scent symbolically or electronically. Several such methods are described 
herein. 

A ^scent representation" is defined as any way of representing a scent or describing a 
scent in a manner which can be recorded, stored or transmitted, including, but not limited to, 
representations in terms of receptor primary scent components, receptor quasi-primary scent 

20 components, receptor complex scent components, perceptive primary scent components, 
perceptive quasi-primary scent components, perceptive complex scent components, scent 
profiles, scent fingerprinting, a list of one or more odorant compounds which may include 
relative proportions and/or concentrations of the one or more compounds, or any combination 
of the foregoing representations, as defined hereiiL A "scent object** is an object which 

25 enables storage and/or transmission of a scent representation electronically, such as on a 
computer or a computer-readable medium, and is described herein in furtiier detail. 

An "odorant substance" or an "odoranf is defined as any substance vAAch gives rise to 
a perceptible odor. An odorant substance may be a pure chemical compound, or it may be a 
mixture of chemical compounds. A "user^ refers to a subject, preferably a mammalian 

30 subject, more preferably a human subject, and ''sampling" of an odorant by a user simply 
refers to smelling the scent, that is, perceivfaig the ol&ctory stimulus of tiie scent. 
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Olfactory Space 

The sensory subsystem comprises a series of olfactory receptors, ^^ch selectively 
bind with the chemical component(s) making up a scent A scent can be characterized in 
terms of which of the approximately 1,000 or more olfactory receptors the scent component(s) 
5 bind to, and the strength of the interaction of the component(s) with those receptors. Each 
olfactory receptor can be considered an orthogonal basis vector; the entire set of olfactory 
receptors can be considered a set of basis vectors spaoning ^olfactory space." This is 
analogous to vectors pointing along the x, y, and z directions in three-dimensional space, 
\^ere any point in space can be represented by a combination of the x, y » and z basis vectors 

10 (with each ofthex,y, and z vectors multipUed by the £q[>propriatesc^^ The 

intensity of interaction of a scent with an olfactory receptor determines the magnitude of the 
vector along tiiat particular "axis" in olfactory space. Thus, every scent can be uniquely 
described by a vector represmtation in olfactory space. 

A representation of a scent in sudi a manner that the scent can later be re-created is 

IS defined as scent profiling. The aforementioned vector representation is one example of a scent 
profile. 

An olfactory space can also be defined in terms of odorant substances. That is, given 
one or more odorant substances, those substances span an olfactory space which encompasses 
the entire rai^e of scents that can be created from any combination in any intensity of those 
20 substances. Thus an olfactory space can be defined in terms of the response of a sensor, such 
as an olfactory receptor, or in terms of odorant substances available to create scents. 

Primary Scents 

For the purposes of this invention, a receptor primary scent component is defined as a 

25 chemical that activates one and only one scent receptor. A receptor complex scent component 

is defined as a chemical that activates more than one scent receptor; the receptor complex 

scmt componfflt can activate each of the scent receptors to different degrees, to equal degrees, 

or can activate some receptors to the same degree and others to different degrees. 

''Activating a scent receptor" is defined as the ability of a chemical to interact with a 

3 0 given olfactory receptor in such a manner as to communicate to a cell expressing such a 

receptor that the chemical is present external to the cell. Olfactory receptors are proteins 

vduch fall in tiie class of seven transmembrane domain G protein-coupled receptors, and are 

found in olfactory neurons in vivo. Binding of an odorant to an olfactory receptor causes 

second messenger systems to become activated in the cell, leading to increased cellular 
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production of second messenger molecules such as cyclic AMP. These second messenger 
systems in ton lead to the depolari2ation of the olfactory neuron, or other changes in the state 
of the neuron, which provides the signal to the nervous system that the odorant has been 
detected. 

5 With a complete set of receptor primary scent components, any scent can be recreated 

with the knowledge to the degree to which it activates each olfactory receptor. The instant 
invention encompasses such complete sets of receptor primary scent components. Other 
embodiments of the invention encompass sets of receptor primary scent component chemicals 
which provide l3xe ability to re-create a particularly desired subset of sceats, but not necessarily 

10 all possible scents. Sudi sets are ""incomplete^ sets of receptor primary scent components, ^ 
retain significant utility in that a particularly desired subset of scents, for example, the subset 
of perfume scoits, or the subset of wine scents, or tibie subset of scents which are sensed in a 
forest, can be reproduced. In terms of ""ol&ctory space," such an incomplete set spans an 
""ol&ctorysubspace," that is, only a portion of olfactory space. Still more embodiments 

IS encompass sets of receptor primary scent component chemicals which provide the ability to 
qyproximate particular scents, while not necessarily exactiy re-creating the activation profile 
ofthe particular scents. These sets are also ""incomplete" sets ofreceptor primary scent 
components, and diflTer fixxm the previous description of incomplete sets in that fhey 
^proximate, ratiier than re-create, the receptor activation profile of the desired subset of 

20 scents. 

In some cases, a receptor complex scent will be an acceptable approximation to a 
receptor primary scent That is, if a given receptor complex scent activates a first scent 
receptor strongly, but activates other scent receptors less strongly, it can be considered an 
approximation to a receptor primary scent component for the first receptor. Such a receptor 

25 complex scent component is described by the term receptor quasi-primary scent component 
One embodiment of the invention encompasses sets of receptor quasi-primary scent 
component chemicals suitable for re-creating all scents. Another embodiment of the invention 
^icompasses sets of receptor quasi-primary scmt component chemicals suitable for re-creating 
a particularly desired subset of scents, but not necessarily aU possible scents. Yet another 

30 embodiment encompasses sets of receptor quasi-primary scent component chemicals v^ch 

provide the ability to approximate particular scents, while not necessarily exactiy re-creating 

the activation profile of the particular scents. 

The identification of receptor primary or quasi--primary scent component chemicals 

provides the most conceptually straightforward method of re-creating scents. However, 
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another embodiment of the invention encompasses the use of receptor complex scent 
components for re-creating scents. An example of such an embodiment would be re-creation 
of a scent that activates olfactory receptors designated ORl, OR2, 0R3, OR4, 0R5 and 0R6 
(for the sake of illustration, it is assumed that the olfactory receptors are stimulated to an equal 
5 extent). If one is in possession of two receptor complex scent component chemicals (RCSC's) 
where RCSCl activates ORl and 0R5, and RCSC2 activates OR2, OR3, OR4, and 0R6, then 
one can reproduce the original scent by mixing RCSC 1 and RCSC2 to re-create the original 
ol&ctoiy receptor activation profile. In practice, the profiles of various receptor complex 
scent components wiU be much more complicated than the forgoing example, and components 

1 0 which inhibit olfictory activation as well as stimulate activation can be included in the sets. 
However, once receptor activation profiles of sufiBdent receptor complex scent components 
are known, computer algoiitimis can be utilized to create the qjpropriate combmation of 
receptor complex scent components. Using vector representations of the ol&ctory receptor 
activation profiles for a set of receptor complex scent compon^its, one can create linear 

15 combinations of such receptor complex scent components in order to represent a particular 
scent Fertile example given above, such a vector representation would look like 
(1, 0, 0, 0, 1, 0) for the first receptor complex scent component and (0, 1, 1, 1, 0, 1) for the 
second recq>tQr complex scent component, wlule the vector representation of t^ 
re-created is (1, 1, 1,1,1, 1). If xi and X2 are the relative proi)ortions of the first receptor 

20 complex scent component and the second receptor complex scent component, respectively, to 
be combined to re-create the scent, then the problem can be represented as a series of linear 
equations: 

IXi + 0X2 = 1 
OXi + 1X2 = 1 
OXi + 1X2 = 1 
OXl + 1X2 = 1 
IXl + 0X2 = 1 
OXi + 1X2 = 1 



and the solutions for xi and X2 are xi = 1 , X2 = 1 . Solutions to systems of linear equations have 

25 been thoroughly studied and many algorithms are available for implementation on computers, 

including algorithms vftdch evaluate the accuracy of an q>proximate solution ^en an exact 

solution cannot be determined. (See, e.g., Dettman, J.W., Introduction to Linear Algebra and 

Differential Equations^ Dover Pubs., 1986; Press W.H. et al.. Numerical Recipes in C: The 
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Art of Scientific Computing, 2nd ed., Cambridge University Press, 1993; Vetteriing (ed.) 
Numerical Recipes in C: The Art of Scientific Computing/Disk V2, 02, Cambridge University 
Press, 1 997.) These methods can also be used to determine whether a set of receptor complex 
scent components is suitable for re-creating a given scent For example, if the scent to be 
5 recreated is represented by the vector (1,1,1,1,1, 2), there will be no solution to the resulting 
system of linear equations using the two receptor complex scent components in the illustration 
above. In this instance, one or mote additional receptor scent components will need to be 
identified in order to be able to re-create the scent in terms of the receptor primary scent 
components. Alternatively, tiie scent represented by (1, 1, 1, 1, 1» 1) may be an accq)table 

10 ^proximation to the scent represented by (1» 1, 1, 1, 1, 2). Integers are used in this example 
for clarity, but the vectors can contain any real number representing a measured intensity; for 
example, (1.1, 0.997, LOS, 1.2, 0.88888..., 2.00001) may be an acceptable £^proximation to 
the scent represented by (1, 1, 1, 1, 1, 2). 

It will be readily ^predated that the dioice of a complete set of receptor primary, 

15 quasi-primary, or complex scent component chemicals (capsblc of generating all scents) 

versus a partial set of receptor primary, quasi-primary, or complex scent component chemicals 
(capable of generating, exactiy or approxinaately, a subset of scents) depends on tiie 
application for which scent re-creation is desired 

A special category of receptor scent components are chemicals which bind to a 

20 receptor without activating it If these non-activating chemicals prevent chemicals which do 
activate the receptors firom binding, the non-activating chemicals act to "turn oflT those 
receptors. These non-activating chemicals, or receptor binding antagonists, are particularly 
usefiil in editing scents, as they can be added to a scent to attenuate or eliminate particular 
aspects of die scent In the vector example above, if a particular receptor antagonist blocks 

25 0R2, OR3, and 0R4, but not ORl, OR5 or OR6, then it can be represented in vector format as 
(0, -1, -1, -1, 0, 0). In tiie reproduction of (1, 1,1,1,1,2) fi-om die vectors (1, 0, 0, 0, 1, 0) and 
(0, 1, 1, 1, 0, 1), tiie foUowmg combination can be used: 1 x (1, 0, 0, 0, 1, 0) + 
2 X (0, 1, 1, 1, 0, 1) + 1 X (0, -1, -1, -1, 0, 0) to yield tiie vector (1, 1, 1, 1, 1, 2). In some 
instances, enough of a particular receptor binding antagonist is used to eliminate any 

30 possibility of activation by a recqptor scent component, in which case the vector entry for the 

receptor(s) which are blocked by that antagonist contains 0 ui the vector position 

coiresfponding to that receptor(s). 

Perceptive primary scents are defined as scents that give a single scent perception, for 

example, the scent ^lemon'* as perceived by a hunum. A perceptive primary scent can be 
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composed of one or more receptor primary scent components, one or more receptor complex 
scent components, or a mixture of one or more receptor primary scent components and one or 
more receptor complex scent components. Since perceptive primary scents are to some extent 
subjective, identification of perceptive primary scents can be performed by using a panel of 
5 subjects who evaluate and describe scents. A perceptive complex scent is made up of more 
than one perceptive primary scent The boundaries between a perceptive primary scent and a 
perceptive complex scent are also to some extent subjective; for example, one person may 
describe a scent as "'pizza," vAnlt another person may describe the same scent as ""sausage, 
cheese and tomato sauce.'' That is, one person may peix^dve a scmt as a pen^eptive primary 

10 scent for ""pizza," while another person may perceive the same scent as a perceptive complex 
scent made up of several individual perceptive primary scents. Perceptive quasi-prunaiy 
scoots can be defined as scexits that give one main scent perception, but other minor scent 
impressions; for ^cample, a diocolate donut may give the main scent perception of 
""chocolate" and a minor scent impression of ""filed dough." In order to standardize perceptive 

1 5 scents,at least one person, or a panel of five or more, preferably ten or more, more preferably 
fifty or more, still more preferably one hundred or more, people can be surveyed to label 
various perceptive scents. When a plurality, preferably a majority, more preferably 66 2/3 % 
or greater, still more preferably 95 % or greater, even more preferably 99% or greater, of a 
panel identifies a scent as the same scent (e.g., of a panel of 100 people, 95 describe a scent as 

20 ""pizza," while the other 5 describe the scent otherwise), the scent can be labeled as a 

perceptive scent (the perceptive scent can be primary or complex, depending on whether the 
panel identifies it as a single scent or a mixture of scents). 

It should be noted that any groiq) of one or more odorants can fimction as perceptive 
scent components (whether primary, quasi-primary, or complex), and thus any one or more 

25 group of odorants defines an olfactory space. Each individual odorant can independently be 
either a pure chemical, or a mixture of chemicals. The olfactory space may be extremely 
small; for example, if the group of odorants consists of one chemical, e.g. acetic acid» the 
olfiictory space defined by die group will be one-dimensional. The perceptive scent may be 
desonbed as ""vinegary", and the strength of the scent may be rated according to how much 

30 acetic acid is perceptible to the person(s) perceiving the scent In preferred embodiments, 

however, many perceptive primary, quasi-primaiy, and complex scent components will be 

used. An example ofa set ofperceptive scent components is given in Table 1. In that table, 

allyl methyl trisutfide is assigned the single perceptive scent label ""garlic," and thus can be 

considered a perceptive primary scent component, while 2,6-dimethyl-3-ethylpyrazine has a 
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variety of scent descriptors associated with it, and can be considered a perceptive complex 
scent component 

In fields where existing classification schemes already exist, the perceptive primary 
and complex scents can be indexed according to those schemes. For example, the SFP ( 
5 Societe Fran^aise des Parfumexirs) has drawn up a classification system based on 5 main 
groups, sub-divided into classes. A wine aroma wheel has been developed for describing the 
aroma of wines; see A.C. Noble, R.A. Arnold, J. Buechsenstein, E. J. Leach, J,0. Schmidy, 
and P^. Stem, "Modification of a standardized system of wine aroma terminology", 
American Journal ofEnology and Viticulture, 38/2 (1987). Such classifications can be used 

10 for selecting perceptive primary scents and used as guides for combining the scents. 

These methods for represmting scents rely on a set of ordered elraients, such as a list 
of receptors \^ch can be activated by a scent, or a list of perceptive primary scents, or an 
array of individual detectors, in order to desoribe the scent In one embodiment, the invention 
embraces profiling the scent (or equivalmHy, creating a scent profile) based on one or more 

IS elements fix>m such an ordered set of clients. These scrat profiles can thm be coavCTiently 
converted to electronic form to enable the scent profile to be electronically represented, and to 
enable the scent to be re-created or approximated by an emitting device. The profiling of the 
scent can be performed analyzmg the scent in terms of scent components and then describing 
file scent in terms of those scent compon^ts; e.g., a description of the scent in terms of an 

20 ordered set of elements consisting of olfactory receptors would provide a vector representation 
in terms of receptor primary or quasi-primaiy scent components, such as that iUustrated herein, 
which would tiien characterize the scent in terms of the selective binding of the scent to tiie 
olfectory receptors, more preferably in terms of the relative intensity of selective binding of 
the scent to the ol&ctory receptors. Preferably the scent components define an olfactory space 

25 or an ol&ctory subspace, v^ere any scent, or any member of a subset of scents, can be 

represented by combinations of the scent components. The scent components can be receptor 
primacy scent components, receptor quasi-primary scent components, receptor complex scent 
components, perceptive primary scent components, perceptive quasi-primaiy scent 
conq)onents, perceptive complex scent components, or any combination tiiereof. Preferably, 

30 vector representations of the scents are e3q;M:essed in terms of orthogonal basis vectors which 
define an ol&ctoiy spacer ^ere each basis vector represents the binding of a scent to an 
ol&ctory receptor. Thescentsorq)resentedcanbestoredelectromcally inafilefor scent 
archival, transmission, and manipulations. 
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In one embodiment, the elements of the ordered set are linear in relationship, as in the 
matrix illustration above. The members of the ordered set of elements can be related to a * 
mammalian olfactory system; for example, the members of the ordered set can represent basis 
vectors in olfiactory space, where each member of the set describes the intensity of interaction 
5 of a scent with an olfactory receptor. Alternatively, the members of the ordered set of 
elements can be independent of a mammalian olfactory system; the ordered set of elements 
can represent the intensity of interaction of a scent with artificial detectors, such as the 
""artificial nose," or artificial scent-sensing device, described in U.S. Patent Nos. 5,571,401, 
5,698,089, 5,788,833, 5,891,398 and 5,91 1,872. The artificial nose described therein is 
1 0 comprised of several polymeric scent-sensing elements (response elements), each witili 

different response profiles to various, volatile compounds. The response elements of the scent- 
sensing device thus define and span an ol&ctory space. 

Scent Objects 

15 As previously defined, a ""scent object^ is an object which enables storage and/or 

transmission of a scent representation electronically, such as on a computer or a computer- 
readable medium. Scent objects pn)vide a particulariyusefiilmiazmer in which scen^ 
can be represented on a computer in a form suitable for analysis, editing and re-creation of the 
scent A scent object can be implemented in widely differing embodiments, and the examples 

20 of scent objects and implementations of scent objects given herein are not intended to limit the 
definition of scent objects. In one embodiment, a scent object can be implemented in 
electronic form as a data structure on a computer. 

Various components of one example of a data structure in^)lementation of a scent 
object are now described with reference to the Figures. It should be noted that the scent object 

25 can comprise any one or more of the components described in the following section (the 
Hedonic Vector, Polymer Vector, Screening Vector, Chemical Structure Similarity Vector, 
Docking Vector, or Scent Palette Vector). 

Fig. 8 A is a flow diagram depicting the process of represrating a scent in a manner 
suitable for re-creation of the scent A scent-emitting source can be sampled by a panel of 

30 human subjects, tiiat is, by human sensory evaluation, and the result of such evaluation 

expressed as a ""Hedonic Vector.^ A headspace sanq>le of a scent can be fed to an artificial 

sensor device (such as the artificial scent-sensing device ("artificial nose") described in U.S. 

Patent Nos. 5,571,401, 5,698,089, 5,788,833, 5,891,398 and 5,911,872) for analysis of its 

interaction with that device; the result of this evaluation and detection is expressed as a 
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*Tolymer Vector." The headspace sample can also be screened by receptor-ligand interaction 
using a panel of olfactory receptors as described above; the result is expressed as a "Screening 
Vector/' Finally, the headspace sample can be broken down by gas chromatography (or other 
separation techniques well-known in the art of analytical chendstry) as a scent object The 
5 Hedonic, Polymer, Screening, Chemical Structure Similarity and Docking vectors are 
described m more detail below. 

The Scent Palette vector represents the fragrant chemicals available for output As 
shown in Fig. 8B, by using a transformation algorithm, the representation of the scent object 
as a Hedonic, Structure, Screening, Polymer or Docking vector is transformed into a Scent 

10 Palette vector. The Scent Palette Vector indicates wMch of the available fiagrantchemic^ 
tiie emitter should be mixed together, as well as the qypropriate amounts of each fragrant 
chemical to use. Alternatively, a human operator or con^>uteri»x>gramnaAy seek to design a 
scent using the fragrant chemicals available at the emitter. By combining available scents in 
tiie Scent Palette, usmg scent mixer software, a scentographer can design custom sceats. 

1 5 Fig. 9 is a class diagram for a scent otg ect indexed using one or more of the Hedonic, 

Structure, Screening, Polymer or Docking vectors. Fig. 1 0 is an example of a scent object for 
a particular scent, the scent of the chemical ganuna-terpinene. As illustrated in Fig. 9, the top 
level field of the scent object, listed as '^Scent," contains basic identification, such as the name 
of the scent, the REMINISCENTS™ ID number for the scent (a unique number assigned to 

20 the scent; REMINISCENTS™is a trademark of DigiScents, Inc., Oakland, CA, for a scent 
name, scent label, or scent descriptor), alternate names which may be assigned to the scent, a 
description of the scent, and a sensory index value. The example of Fig. 1 0 lists the name of 
the scent as **Lemony the REMINISCENTS™ ID number for Ae scent as RID-7642; 
alternate names for the scent as "dtrusy, fiiuty, sweet;" the description of the scent as "scent 

25 oflemoUs'^andthe sensory index as 54. The sensory index describes the scent in relation to a 
particular scheme of scent classification, such as the aroma vAiccl described in A.C. Noble, 
RA. Arnold, J. Buechsenstein, E. J. Leach, J.O. Scfamidy, and P.M. Stem, "INIodification of a 
standardized system of wine aroma terminology", American Journal of Eulogy and 
Viticulture, 38/2 (1987). In the discussion below of the scent object diagrams of Figs. 9 and 

30 1 0, at times the sc^ described by the scent object is called the '"sample scent'' v^en 

necessaryto distinguish it fit)m oflier scents used in describing the components of the scent 
object 
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The Hedonic Vector, ^ch classifies the scent by using human ol&ctoiy perception, 
implements an ^bodiment of the invention using a set of odorant descriptors-e.g., "lemony," 
"citrusy," 'Sdnegary," etc.-to generate a scent profile. Odorant descriptors are defined as any 
descriptive term suitable for describing a scent, such as common temis for scents, specialized 
5 temis used in various scent arts for particular scents, or terms for particular notes of a scent 
Alternatively, since the odorant descriptors are associated with odorant substances of a 
particular reference set, the Hedonic Vector is also an implementation of an embodiment of 
the invention v/bere a set of odorant substances sampled by one or more humans is used to 
create the scent profile. The Hedonic Vector contains two values, as illustrated in Fig. 9: a 

10 Reference Set ID, and a Preferred tag. A Reference Set is a collection of scents against which 
a sample scent is described. N^y different Refeience Sets can be compiled^ and the 
Reference Set ID indicates which Referoice Set is being used for ibat particular Hedonic 
Vector. AsindicatedinFig. 9, a single sample sceiit can haven Hedonic Vectors associated 
with it, vAiiexG n is an integer greater than or equal to one if Hedonic Vectors are being used to 

IS represent the sample scent (Clearly, a value of zero for n would indicate that Hedonic Vectors 
are not being used to represent the scent) The Preferred tag indicates \^ether that Refermce . 
Set is the preferred set for description of the particular sample scent being described. As 
depicted m Fig. 10, Hedonic Vector 1 refers to the Reference Set HVID 0921, and the 
Preferred tag is true, indicating that Reference Set HVII>092 1 is the preferred set for 

20 describing the "lemony" scen^ Hedonic Vector 2 refers to the Reference Set HVID-0498, and 
the Preferred tag is false, indicating that Reference Set HVID-0498 is not the preferred set for 
describing the ''lemony" scent An example of flie generation of a Hedonic Vector is given in 
Example 2. 

As previously described, the Reference Sets are collections of scents against which a 

25 sample scent is described. A single Reference Set can be a collection of one or more scents, 

two or more scents, five or more scents, or ten, twenty, twenty-five, thirty, forty, fifty, or 

seventy-five or more scents, or one hundred or more scents. As indicated in Fig. 9, a single • 

Hedonic Vector can have n Hedonic Values, where n is the number of scents composing the 

Reference Set A panel of human subjects is e3q>osed to both the sample scent and each scent 

30 contained in the Reference Set The panel rates the sample scent against each scent contained 

in the Reference Set using a numeric scale. The individual scents which compose the 

Reference Set are given reference numbers for identification, called the Hedonic Category ID. 

In one iirqplementation of this rating, the hmnan subject panel rates the sample scent against 

each scent in the Reference Set on a scale from 1 to 100, with 1 being 'Very similar/identical" 

28 



SUBSTITUTE SHEET (RULE 26) 



wo 01/007093 PCTAJSOO/20029 

and 100 being "Very dissimilar." The various ratings fix>m each subject are then averaged 
together to determine ^eHedonic Score for that particular scent in The 
ratings can be adjusted as desired, for example, by dividing by 100 to scale ihe numbers 
between 0 and 1 . Alternate numbers and evaluations can be used, for example, -100 for most 
5 unpleasant to +100 for most pleasant 

In Fig. 10, two examples of Hedonic Vectors and their corresponding Hedonic Values 
are shown. For Hedonic Vector 1, Hedonic Values 1 are given. When the "lemony** sample 
scent (gamma-terpinene) is compared against the ""tarf* scent in the Reference Set, it is mted 
65.02 by the human subject panel. When the "lemony" sample scent is compared against the 

10 "Strong" scent in the Reference Set, it is rated 33. 1 1 by the human subject panel. These values 
make up the Hedonic Values 1, which in turn is part of the Hedonic Vector L 

The scGots in the Reference Set are chosen to be representative of a particular scent 
propoty; for example, a solution of 5% acetic acid in water can be chosen to correspond to the 
reference scent "Sdnegary " A particular Reference Set may often be more appropriate for 

15 comparison to the sample scent than other Reference Sets, yMoh is indicated by the Preferred 
tag in tiie Hedonic Vector. 

The Structural Vector is illustrated in Fig. 9, and an exanxple of the Structural Vector is 
illustrated in Fig. 10 for gamma-terpinene. The top level Scent field references a Compound 
field. In the example for ganmia-terpinene, there is only one chemical compound present in 

20 the scent; however, for scents nomde up of multiple chemical components, there can be as many 
Confound fields as there are identifiable chemical components. In circumstances where only 
a few compounds are necessary to reproduce or approximate a scent, there can be fewer 
Compound fields than the number of identifiable chemical compounds in the scent, vAnle if a 
scent is altered or enhanced by adding conqwnents not normally present in the scent, there ca^ 

25 be more Compound fields than tiie number of identifiable chemical compounds in the original 
scent These latter examples, however, are best described as "approximate Scent Objects" and 
"altered (or edited, or enhanced) Scent Objects" to distinguish them fix)m the Scent Object 
corresponding to the original sample scent 

The Compound field is composed of several values. Fig, 9 illustrates a Compound 

30 field composed of: a chemical ID number, ^ch can be arbitrarily assigned, or alternatively, 

can be a standardized number such as the Ch^cal Abstracts Registry Number for the 

compound; a SMILES (Simplified Molecular Input Line Entry Specification, see Weininger, 

D., "SMILES 1. Introduction and Encoding Rules", J. Chem Inf. Conput. Set (1988) 28, 31) 

represmtation of the chemical; the Vapor Pressure of the chemical at a particular Vapor 
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Temperature; the Flash Point of the chemical; the Viscosity Rating and Oxidation Rating of 
tiie chemical on a predetermined or standardized scale; and the Solubility of the chemical. 
Other properties can be added to the Compound field. Fig. 10 illustrates a Compound field 
with the particular values for gamma-teipinene included 
5 As the Compound field contains the chemical-based information regarding the sample 

scent, the Structural, Receptor Docking, Receptor Screening, and Polymer Reactivity Vectors 
can be associated with tiie Compound field. It should be noted that since the Polymer 
Reactivity Vector and the Receptor Screening Vector can be recorded either for each 
individual compound in the scent, or for the scent as a vsrhole, that those vectors can be 

10 associated with either the Compound field or the top level Scent field, or with both fields. The 
Structural and Receptor Docking Vectors are dependent on the chemical structure of each 
component of the sample scent, however, and must be associated with the Compound field. 

The Polymer Reactivity Vector is an implementation of an ^abodiment of the 
invention ^ere a set of response elements in an artificial scent-sensing device (an "^artificial 

15 noseT) is used to generate a scent profile. The Polymer Reactivity Vector is a vector which 
describes interaction of the chemical contained in the Conq)Ound field vdth an artificial sceut- 
sensing or ^artificial nose" type of detector, such as those described in U.S. Patent 
Nos. 5,571,401, 5,698,089, 5,788,833, 5,891,398 and 5,911,872. The artificial scent-sensmg 
devices/artificial noses of those references detect chemicals by an array of polymeric 

20 materials, wMch respond to the presence of the chemical in a detectable The 

Reference Set ID of the Polymer Reactivity Vector identifies the particular device vMch is 
used to detect the chemical compoimd, while the Preferred tag indicates whether that device is 
the preferred detector for that chemical. The Polymer Reactivity Value records the 
response/reaction of a single polymeric element of the artificial scent-sensing ("artificial 

25 nose") array; the element is identified by a Reference Polymer ID, and the quantitative 
response is recorded in the Reactivity Score. When an artificial scent-sensing device 
(^'artificial nose^ is used having non-polymeric response elements or detectors in addition to 
or instead of polymeric response elements, the Polymer Reactivity Vector and Polymer 
Reactivity Value are easily generalized to such non-polymeric response elements or detectors. 

30 

The Receptor Screening Vector, which can be associated with the Scent field, the 

Compound field, or botib, as illustrated in Fig. 9, refi^ to Reference Sets of ol&ctory receptors 

used for screening chraiical compounds for interaction with the ol&ctory receptors comprising 

tiieset The Receptor Screening Vector is an unplementation of an embodiment of the 
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invention which uses sets of olfactory receptors, preferably mammalian olfactory receptors, 
more preferably human olfectory receptors, to generate a scent profile. The Reference Sets are 
identified by Reference Set ID numbers, and the Preferred tag indicates whether that 
Reference Set of olfactory receptors is the preferred Reference Set for that particular sample 
5 scent, as each Scent or Compound may be described by several Reference Sets. The Receptor 
Screening Value indicates the mtensity of interaction with the various receptors making up the 
particular Reference Set used. Each individual receptor is identified by a Reference Receptor 
ID number, whh the screening score indicating &e intensity of interaction of the c^ 
with fliat receptor. 

10 The Receptor Docking Vector, vMch is associated with the Compound field, describes 

the Reference Set of recq)tor molecular stractures against wMch an mdivid 
compound is described. The Recqytor Docking Vector is an implementation of an 
embodiment of tiie invention which uses sets of ot&ctory receptor structures, modeled or 
simulated on a computer, to generate descent profile. Since the chemical structure of the 

1 S conq>ound to be docked against the set of modeled olfactory receptor structures must be 
known to use llie dockmg software, the Receptor Docking Vector must be associated with a 
specific chemical compound. The Receptor Docking Vector contains a Reference Set ID and 
a Preferred tag, to indicate whether the set of receptors identified by the Reference Set ID is 
the preferred set to use to describe the particular chemical. Each Receptor Doddng Vector 

20 referstooneormoreReferenceDocking Values; the Values are composed of a Reference 
Receptor ID (vdiich indicates the specific receptor into vMch the chemical is being docked) 
and the Dockmg Score (v^ch indicates the interaction of the chemical with the receptor, as 
determined by the docking program used; these scores can be reported as individual real 
numbers (scalars) or may be reported as vectors, vectors of vectors, or other mathematical 

25 representations ofthe output of&e docking program). Docking methods and software 
packages are described in more detail herein. 

The Structural Vector represents a comparison of the chemical described by the 
Compound field with refermce compounds. The Structural Vector is an implementation of an 
embodiment of the invention where a set of odorant substance structures modeled on a 

30 coniputer is used to generate the scent profile. The Structural Vector contains the Reference 

Set ID, which indicates which set of reference compounds is being used for comparison, and 

tibe Prefeired tag, vMch indicates whether that set is the prefenred set for description of the 

particular chemical of the Compound field. For each Reference Set, a Chemical Similarity 

Value is determined for the particular ch^nical of the Compound field as compared to the 
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chemicals comprising the Reference Set» and a Similarity Score is assigned. As with the 
DockiBg Score in the Reference Docking Value, the Similarity Score may be reported as 
individual real numbers (scalars) or may be reported as vectors, vectors of vectors, or other 
mathematical representations of the output of the chemical similarity program. Methods for 
5 assessing chemical similarity, and computer programs suitable for such methods, are described 
in more detail herein; see Example 3 for a description of a procedure for comparing the 
similarity of scent molecules. 

The Palette Vector of the scent object differs fix)m the other vectors in that it represents 
the scent in teems of the chemicals available for re-creation of scents, rather than by some 

10 diaracterisdc, measurement or analysis ofthe scent itself. The Palette Vector is an 

implementation of an embodiment of the invention which uses a set of odorant substances 
available in a scent emitting unit to generate tiie scent profile. The other vectors can be 
transformed into Palette Vectors by algorithms; alternatively, a human operator (a 
scentog]:^h^) may design a scent using the available chemicals, much as an artist paints a 

IS picture from flie colors available on the artist's palette. The Palette Vector refers to a 

Reference Set ID, which identifies a set of chemicals available for scent re-creation, and has a 
Preferred tag, vMoh indicates whether that particular set of chemicals is the preferred set for 
re-creation of that scent For each member ofthe refermce set. Palette Values are provided 
yAnsh have a Reference Well ED value, indicating vMch well of a multi-well plate contains 

20 the chemical to be added to the overall mixture, and a Quantity value, indicatmg how much of 
that chemical to add to the overall mixture. When emitters utilizing storage devices other than 
a multi-well plate are used, the Reference Well ID can simply refer to a physical location on a 
cartridge, plate, or other device vAxerc the desired scent is located. 

In one variation of diis embodiment of a scent object, the scent object is composed 

25 only of the Palette Vector and the appropriate identifying information in the Scent field of the 
data structure. The odorants available in the scent emitter comprise an ordered set of 
elements, and the scent to emit is described by the Palette Vector in terms of tibat ordered set 
of elements. Thus, the Palette Vector (and associated identifying information) can serve as a 
complete scent representation in this embodiment. 

30 The various representations ofthe scmt profile can be readily transformed or 

interconverted. A scent profile gmerated by one method can be generated by anolher method, 

and a transformation matrix derived ^diwiU convert one representation The 

most usefiii transformation is between a scent profile based on a set of mammalian olfactory 

receptor structures modeled on a computer, a set of odorant substances sani^led by one or 
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more humans, a set of odorant substance structures modeled on a computer, a set of odorant 
descriptors, or a set of response elements in an artificial scent-sensing device, into a scent — 
profile based on a set ofodorant substances available in the emittm As an example, 

the odorant substance making up a Palette Vector in a scent object can be tested using an . 
5 artificial scent-sensing device or artificial nose, to determine which sensing elements are 
activated by each odorant substance used for emission. When a sample scent is presented to 
the artificial nose, the activation pattern it produces in the scent-sensing elements is recorded, 
and a computer program is used to produce the closest approximation to that scent using the 
odorant substances available for emission (for which the response of the artificial nose is 

10 aheady known). Other transformations— e.g., firom the artificial nose's set of response 
elmients to tfie pattern of activation of a set of mammalian olfactory receptors— are also 
possible, and can have important uses; for example, a transformation &om a scent profile 
generated using a set of odorant substance structures modeled on a compute into a scent 
profile based on odorant desoiptors can identify scents which have negative scCTt descriptors. 

1 5 The Appendix contains code (in C and Java) for computer implementation of a scent 

object 

Figs. 1 1 A, 1 IB, and 1 IC provide tabular representations of the scent objects. 

Selecting Chemicals for Scent Re-creation 

20 A scent which has been rqxresented as a set of basis vectors in ol&ctoiy space can in 

principle be re-created simply by mixing or syndiesizmg the receptor primary scent 
components, recq)tor quasi-primaiy scent components, or receptor complex scent components 
needed to activate fte olfactory receptors in the same pattern as the original scent Suchan 
approach requires 1) a method to generate a representation of the original scent in olfactory 

25 space, and 2) suitable receptor primary scent component chemicals which can be mixed in the 
appropriate manner. 

A scent which has been represented as a mixture of perceptive primary scents can be 
re-created by mixing or synthesizing the receptor primary scents needed to re-create the 
perceptive complex scent Such an approach requires 1) a method to generate a representation 
30 of the original percqptive complex scent in terms of perceptive primary scent components, and 
2) suitable perceptive primary scent componmt chemicals which can be mixed in the 
appropriate manner. 

Identification of receptor scent coiiq)onents can be performed by various methods. 

One such method assays the interaction of candidate componmts with each ol&ctoiy receptor. 
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The leceptors can be expressed in vitro and assays can be set up to monitor the interaction of 
. . various candidate components wifli each individual receptor. Chemicals which activate one 
and only one ol&ctory receptor are receptor primary scent components, while chemicals which 
activate more than one olfactory receptor are receptor complex scent components (and can 
5 possibly be receptor quasi-primary scent components, depending on the activation profile it 
displays with the olfactory receptors). Such an approach can use methods known in the art, for 
example those of Breer etal, Ann. N. Y. Acad. Sci. (1998) 855:175-81 or Malnic et aL, Cell 
(1999) 96(5):713-23. Breer et al expressed olfectoiy receptors in Sf? cells and evaluated the 
second-messenger response to various odorants. Malnic et cd. isolated ol&ctoiy neurons fiom 

1 0 mice and utilized calcium imaging to study the response of the neurons to di£ferent odorants, 
i^e using RT-PCR to determine which ol&ctory receptor was escpressed in the neuron under 
study. U.S. Patent No. 5,798^75 desoibes a method for evaluating interaction of compounds 
with members of a reference panel of proteins. 

Alteniative methods for rq)resenting the scent can also be enq>loyed As described 

1 5 above m the context of Scent Objects, a sample scent can be compared to a Reference Set of 
scents to create a Hedonic Vector representation of the sample scent The particular scents in 
the Reference Set, along with their Hedonic Values, can then serve as a blueprint for re- 
creation of the sample scent M one embodiment, the Reference Set scents sunply serve as the 
Palate Vector set of scents, to be combined in the amounts indicated by the Hedonic Values. 

20 When a Structural Vector is used to represent a compound, the particular structures used for 
the Reference Set, along with their Chemical Similarity Values, can be used in an analogous 
&shioiL 

Once the electronic representation of the scent has been created in terms of an ordered 
set of elements, an emitter which contains chemical components corresponding to the ordered 

25 set of elements (e.g., receptor primary scent components; the elements of a Hedonic Vector 
Reference Set) can be used to re-create the scent, by activating chemical components within 
&e emitter. If the ordered set of elements are linear in relationship, then re-creation of the 
scent is performed by linearly mixing the chemical components corresponding to the ordered 
set of elements. This permits substantially predictable reproduction of any scent by selecting 

30 tiie elements in proportional quantities. The ordered set of elements can be a set of scent 

conq)onents relative to a mammalian ol&ctory system, based on selective binding of chemical 

coniponents making vap the scent to ol&ctory receptors. 

Preferably^ the elements of the ordered set form an ol&ctoiy space or an ol&ctoiy 

subspace, for representation and re-creation of all scents or a specific set or subset of scents. 
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The electronic lepiesentadon of the scent can include information about the relative intensity * 
ofthe scent components required to reproduce the scent ........ 

The electronic representation for re-creation of the scents can be generated as described 
herein. Alternatively, other users can generate scent representations, vvhich can thm be shared 
S or transmitted via an information exchange network, an archive in a storage medium, such as a 
disk, or via the Internet. 



Selection of Receptor Primary Scents by in silico Methods 

An alternative method utilizes in silico screening techniques-that is, computer 

10 simulation methods— for either description of a sample scent, or for selection of candidate 
components to use as receptor primary, quasi-primaiy, or complex scent coiiq)onents, or for 
both description and selection. Protein-ligand screening can be used to select compounds 
i^ch bind to particular receptors in order to identify receptor primary scent components. 
Examples of such programs are DOCK, AutoDock, GOLD, FlexX, LUDI, GROWMOL, and 

15 HOOK. (See Wang, J., Kollman, PA., KuntzLD., "Flexible Ugand docking: amultistep 
strategy approach," Proteins 36(1): 1-19(1 999) and references theiem.) These programs 
function by taking a protein structure and either matching compounds of known structure to 
the protein structure to detenmne the protein-ligand interaction, or by "^groAving" a molecule in 
the active site or binding site of a protein to determine what molecule will best interact with 

20 theprotem. Interaction of a particular compound with an ol£u:tory receptor cm 

modeled in order to generate tfie information contained in the Receptor Docking Vector and 
associated fields. 

Olfactory receptor proteins are membrane proteins, and e?q)erimental determination of 
the three-dimensional structures of membrane proteins has lagged the corresponding structural 

25 determination of water-soluble proteins for various reasons. However, alternative methods for 
constructing the three-dimensional structures of proteins are available. The primary (amino 
acid) sequences of many olfactory receptors are known. This information can be used to 
model a three-dimensional structure of a receptor protein using various algoritfims and 
computer programs known in the art. The resulting model structure can then be used as the 

30 basis for evaluating interaction of candidate components with the receptor. 

Alternatively, given known chemical structures which give rise to a particular odor, 

analysis of the structures can indicate the particular portion of the chemical structure ^^ch is 

responsible for the odor. This is analogous to "phannacore analysis'" used in medicinal 

chemistry to det^mine the important portion of drugs. Information generated by programs of 

35 



SUBSTITUTE SHEET (RULE 26) 



wo 01/007093 PCT/USOO/20029 

this type can be stored as the Structural Vector (and associated fields) m the Scent Object . . 
• representation of a sample scent ^ • * . v 

Methods for developing compounds vMch biad to receptors and other proteins of 
known structure, and determining interactions between ligands and receptors, are described in 

5 various references The DOCK program evaluates the fit of a ligand into a protein molecule of 
known structure (see Gschwend, D.A., Good, A.C. and Kuntz, LD., "Molecular Docking 
Towards Drug Discovery", J. MoL Recognition 9, 175-86 (1996); Kuntz, I.D., Meng, E.G., and 
B JK. Shoichet, "Structure-Based Strategies For Drug Design and Discovery", Acc, Chenu Res. 
27, 117-123 (1994); and Kuntz, LD., "Structure-based strategies for drug design and 

10 discovery". Science 257, 1078-1082 (1992); see also 

ht^yAvww.cmpharm.ucsf.edu/kuntz/dockJitml). Using a known (or modeled) structure of an 
ol&ctory receptor, DOCK can be used to screen for compounds which bind to the receptor. 
The program AMBER (see Cornell, WD, Cieplak P, Bayly a, Gould IR, Meiz KM Jr, 
Ferguson DM, Spelhneyer DC, Fox T, Caldwell JW and Kolhnan PA. "A second generation 

15 force field for the simulation of protems and nucleic acids,** Journal of the American Chemical 
Society 1 17, 5179-5197 (1995); Computer Simulation of Biomolecular Systems, A. 
WOkinson, P. Weiner, W. Van Gunsteren, eds. Volume 3, p. 83-96, P. KoUman, R. Dixon, W. 
Comell, T. Fox, C. Chipot and A. Pohorille; Bayly CI, Cieplak P, Cornell WD and Kollman 
PA. ^A well-behaved electrostatic potential based method using charge restraints for deriving 

20 atomic charges - the RESP model,** Journal of Physical Chemistry 97(40), 10269-10280 

(1993); Comell WD, Cieplak P, Bayly CI and KoUman PA. "AppUcation of RESP charges to 
calculate conformational energies, hydrogen bond energies, and free energies of solvation," 
Journal of the American Chemical Society 115(21), 9620-9631 (1993); see also 
http'VAvvm.amber.ucsf.edu/ainbei/amberJhLtml) can be u^ • 

25 interaction energies between candidate ligands. Other examples of such methods are 

described in, for example, U.S. Patent No. 5,866,343, directed to determining the energetically 
ftvorable binding site between two molecules; U.S. Patent No. 5,854,992, a system and 
method for structure-based drug design which takes into account binding free energy as it 
"grows** candidate molecules into a receptor binding site; and U.S. Patent No. 5,495,423, 

30 which describes a method for ligand design ^principally applicable to peptidic ligands). 

The foregoing methods typically depend on a known three-dimensional structure for 

therecqptor. When such a structure cannot or has not been determined experimentally, a 

structure can be modeled using computer algorithms. Blundell TL, Sibanda BL, Sternberg 

MJ, Thornton JM, 'ICnowledge-based prediction of protein structures and the desigu of novel 
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molecules," Nature 326(61 ll):347-52 (1987); Shortle D, "Structure prediction: The state of - 
llie art,** Cwr Biol 9(6):R205-9 (1999), Morea V, Leplae R, Tramontane A, "Protein structure 
prediction and design,*" .Biotechnol Aram Rev 4:177-214 (1998) and Qnxichic JN, Luthey- 
Schulten TL, Wolynes PG, 'Theory of protein folding: the energy landscape perspective,'' Anm 
5 Rev Phys Chem 48 :545-600 (1 997) address various methods of predicting protein structure 
fit)m sequence data. Various implementations for predicting protein structure from amino acid 
sequences are discussed in U.S. Patent Nos. 5,878^73 and 5,884,230. 

If the stnicture, or even the identity, of the targeted receptor cannot be detemune^ 
alternative coniputational techniques can be used to graerate information regarding possible 

10 ligands^ch will interact with the receptor. Quantitative structure-activity relationships 
(QS AR; see Green, S JM. and Marshall, G.R., "3-D QS AR: A current perspective," Trends 
Pharmacol Sci 16:285 (1995); and 3D QSAR m Drug Design: Theory, Metiiods and 
Applications, Kubinyi, H. Ed; Escom, Leiden.), including QSAR refinements such as 
comparative molecular field analysis (ComFA) (Cramer, R. D. et al. "Comparative Molecular 

IS Field Analysis ComFA 1. Effect Of Sh^ On Binding Of Steroids To Carrier Proteins," J. 
Am. Chem, Sac. 1 10: 5959 (1988)); and pharmacophore mapping ^lartin YC, Bures MG, 
Danaher EA, DeLazzer J, Lico I, Pavlik PA, "^A fast new approach to pharmacophore mapping, 
and its application to dopaminergic and benzodiazepine agonists," J Comput Aided Mol Des 
7(1):83-102 (1993)) have been used to design pharmacophores that can interact with the 

20 receptor. U.S. Patent No. 5,699,268 provides a method for producing computer-simulated 
receptors which functionally mimic biological receptors; the simulated receptors are 
essentially abstractions of structurally useful information from compounds vAaxh are known to 
interact with a receptor. U.S. Patent No. 5,901,069 describes a method of automatically 
refining a set of chemicals using structure^activity data. U.S. Patent No. 5,862,514 describes a 

25 method of simulating synthesis of compounds of desired biological activity and evaluating 
tiieir activity via further simulations. 

Application of structure-function relationships to classification of odors has been 
described by Chastrette M., Rallet E. ^'Stnicture-minty odour relationships: Suggestion of an 
interaction pattern,'' Flavour and Fragrance Journal^ 13(1):5-18 (1998); Chastrette M., De 

30 Samt Laumer J.Y.,; Peyraud J J^., ''Adapting the structure of a neural network to extract 

diemical information. Application to stnicture-odour relationships," SAR QSAR Environ Res 
1 (2-3):221-231 (1993), Chastrette M., "Trends m structureK)dor relationships,** SAR QSAR 
Btviron Res 6(3-4):21 5-254 (1997) and Jain et al., ''A shape-based machine leammg tool for 
drug design," J Con^ Aided Mol Des 8(6):635-652 (1994). These methods can be usefid in 
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detenxmung tiie ^chemical distance'' between odors. Fox example, isoamyl acetate is typically^ 
experienced as a bananarlike odor, while octyl acetate is typically experienced as an orange- 
like odor, which gives a measure of how the chain length of the alkoxy portion of the ester 
influences perception. Example 3 describes a structural comparison of compounds within and 
S across subjectively-defined scent categories. 

Scent Reproduction/Approximation by Automated Iteration 

Scents can also be reproduced or approximated by automated iteration and emission of 
candidate scents, which are then evaluated for their similarity to the sample scent A scent can 

10 be sampled by a human operator, lii^o can input certain characteristics of th^ 

'^msgor characteristic: pungent; minor characteristic: citrus"). The system can then select 
various odorants and emit ^propriate combinations of them as candidate scents for 
comparison against the reference scent. While the himianop@:ator can rate Ihe candidate 
scents in terms of how similar or diggimilar they are to the sample scent, other methods to rate 

IS the candidate scents against the sample scent can also be used, such as tiie response of an 
^artificial nose" (an artificial scent-sensing device), or tiie output of a gas chromatograph. 
Alternatively, an automatic method, such as the response generated by an '"artificial nose" (an 
artificial scent-sensing device) can be used in the initial sampling stq) as v^ Various 
combinations of scents ace used in order to miuimize the difT^rence in response (Aether of a 

20 human operator or an automatic element) betwem the sample scent and the candidate scent 
Algorithms for exploring such multivariable spaces are well-known, as the problem essentially 
reduces to mmimiTing flie differ^cc between the response fimction, F, to flie sample scent and 
the candidate scent; that is, finding the closest solution to 

F(sample scent) - F(candidate scent) = 0. 

25 Multivariable minimization techniques can often become trapped in "relative minima;" 
methods for compensating for this problem are well-known in the art 

Scent Fingerprinting 

It will be appreciated that in many instances, analysis of ascent (whether e}q)ressed in 
30 terms of receptor primary scent components, receptor quasi-primary scent components, 

receptor complex scent components, perceptive primary scent components, perceptive quasi- 
primary scent components, perceptive conq)lex scent components,or other scent 
representations) is of great utility in and of itseU^ m addition to the utility of tiiat analysis in 

scent re-creation. Thus, another embodiment of the mvention encompasses ""scent 
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fingeiprinting,'' which comprises analysis of a scent profile v^en re-creation of that scent may 
not be necessary or desirable. The distinction between scent profiling, as defined above, and 
scent fingerprinting, as defined here, is that scent profiling is a representation of a scent 
relative to a mammalian olfactory system in such a manner as to provide usefiil information 
5 about the interaction of the scent with that olfactory system, such as sufficient information to 
enable re-creation of the scent from receptor primary scent components, or information about 
the response of one or more humans to the scent to enable re-creation of the scent firom 
perceptive primary scent components^ perceptive quasi-primary scent components, and/or 
perceptive contplex scent components. In contrast, scent fingerprinting can, but does not 

10 necessarily, provide such information. 

Various sqyplications and examples of scent fingerprinting can include, but are not 
limited to, the following illustrative situations. Natural gas is widely used as a heating.and 
fuel siq>ply, but is in itself odorless. Utility con^)anies routinely add small amounts of 
odorantssuc^ as mercqitans to aUow detection ofnatuial gas leaks in hoi^ Shoulda 

IS leak occur at an unattended site, however, potentially dangerous quantities of natural gas can 
accumulate. In such areas, a device wfai<^ can recognize odorants i^uld be useful. 

Another use of scent fingerprinting is quality control of a manufacturing process. 
Many food items, sudi as fi:eshly-baked bread and pastries, sauces, and cheeses, have distinct 
odors. A manu&cturer can record a scent fingerprint for a given food item, e.g. spaghetti 

20 sauce for packaging in jars. The quality of the product can then be monitored at various stages 
in manufecture and storage, and deviations fix)m flie established scent fingerprint can be used 
to alert the manufecturer to problems in manufecture or storage. Quality control scent 
fingerprints are not limited to food items, but can be used in any circumstance where a volatile 
component of an item of manufecture can be used as a quality control indicator, e.g., perfume, 

25 deodorants, gasoline and other fuels, solvent mixtures, etc. 

While scent fingerprints need not be meaningful in terms of a mammalian olfectory 
system, it will be readily appreciated that a scent profile, which does represent a scent in a 
manner relevant to an olfactory system, is a special type of scent fingerprint Additionally, the 
response of an artificial scent-sensing device which yields a scent fingerprint of an odor, such 

30 as the ''artificial nose*' described in U.S. Pat Nos. 5,571,401, 5,698,089, 5,788,833, 5,891398 

and 5,91 1,872, can be measured and stored as the Polymeric Reactivity Vector and associated 

fields of a Scat Object TherespoiiseofthedevicecanbecaUbratedagaiiisttfaerespoiiseof a 

mammalian olfectory system. This known relationship can liien be used to transform the scent 

fingerprint gCTeiated by the device into a true scent profile. In turn, the scent profile generated 
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can be utilized to Te-<^reate an odor using receptor primary scent components, receptor quasi- 
primary scent components, receptor complex scent components, perceptive primary scent 
components, perceptive quasi-primary scent components, and/or perceptive complex scent 
components. The invention encompasses such transformations. 

5 

Recording the Analyzed Scent in Electronic Form 

The scent which is analyzed by the analysis module can be recorded in electronic form 
during or after the performance of the analysis. The exact nature of the electronic 
representation of the scent will initially be dependent on the manner ia which it is analyzed. 

1 0 For example, a scent vMdi is analyzed by exposure to a panel of ol&ctory receptors can be 
represented as a multicomponent Receptor Screening Vector as described above, where each 
component of the vector comprises a measure of interaction with the individual receptor, while 
a scent which is exposed to an artificial scent-sensing device C'attificial nose,** e.g. of U.S. 
Patent No. 5,91 1,872) can be represented in lenns of the interaction of the scent with each 

1 5 element of the device as a Polymeric Reactivity Vector. However, one embodiment of tiie 
invaition embraces transformation of the representation of a scent fix)m one form to ano&er. 
Thus, a representation of a scent by a device vMoh has no correspondence to natural ol&ctory 
recq>tors can be transfonned into a rq)reseiitation that does correspond to 11^^ 
recq)tors. Ifthe scents are rqxresented by vectors, this can be accomplished by coiisb^ 

20 an n x m matrix (where the number of rows, n, corresponds to Ifae number of elements of the 
vector being transformed, and the number of columns, m, corresponds to the number of 
elements of tiie vector resulting fix)m the transformation). Vectors for representations of 
scents can be readily stored as army data structures on electronic computers; arrays of armys 
can be used to represent more complicated scents. 

25 One particularly useful representation of data is in terms of index values to be used for 

the emitter module. The index values coiisist of the data passed to the emitter which enable re- 
creation of the scent by the emitter. The various scent components (whether receptor primary, 
quasi-primaiy, complex, or perceptive primary or complex) available at the emitter are mixed 
according to the index values. For a scent ^^ch has been represented in terms of all receptor 

30 primary scent components, which is to be re-created by an ^tter which can mix primary 
scents corresponding to all receptor primary scent components, tiie representation of the scent 
as the primary scent component vector is equivalent to representation as iiidex values^ Fortfae 
example of Ihe six olfactory receptor scent, (1, 1,1,1, 1, 1), where two receptor coiqplex scent 
conqjonents (1, 0, 0, 0, 1, 0) and (0, 1, 1, 1, 0, 1) are available, the index values for the two 
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receptor complex scent components would be 1 and 1 (equal mixing of the two components to 
re-create the scent). The original scent profile of the scent, with respect to the olfactory 
receptors, describes the scent in terms of the analytical system used for profiling, while the 
index values for the scent describe the scent in terms of the chemicals available at the emitter 
5 module for scent re-creation. The two representations are equivalent and can be 

interconverted. Either representation is suitable for transmission over a data netwoik, in 
digital, electronic, or other form, or for recording in storage media, including, but not limited 
to, computer disks, computer t^jes, printed formats, or RAM, ROM, PROM, and EPROM 
computer memory devices. In the Scent Object described above, the index values form the 
1 0 Palette Vector, indicating which chemicals fi:om the Scent Palette should be combined, and in 
ratio, to re-create a scent 



Scent Editing 

Representation of a scent as a scent profile provides tiie capability of editing the scent 

IS A scent profile wMchrqiresents a scent in tenns of perceptive primary scent compone^ 

the most straightforward representation to edit An example is the perceptive complex primary 
scCTt of "burned pizza" conqnised of perceptive primary scent components of sauss^e, cheese, 
tomato sauce, and burned dough. In order to edit the scent to provide a more pleasant re- 
creation, tiie perceptive primary scCTt component of bumed dough would simply be 

20 eliminated. The perceptive primary scent component rqpresratation corresponds mort 
to the Hedonic Vector representation of a scent in the Scent Object Manipulation of the 
Hedonic Values of a particular scent object provides a straightforward means of scent editing. 
Manipulation of the Palette Vector values of a particular scent object also provides a ready 
means of editing the scent An example of scent editing is provided in B?cample 1. t 

25 Other scent profiles can be edited using a knowledge of the perception of a particular 

components. Using our six-receptor example, si5)pose that the (1, 0, 0, 0, 1, 0) receptor 
complex scent component is known to provide an unpleasant aspect of the scent, while the 
(0, 1, 1, 1, 0, 1) component is known to provide the pleasant aspect of the scent The first 
complex scent component can be omitted fiom the edited scent profile, leaving (0, 1, 1, 1, 0, 1) 

30 as the edited scent profile. (This would also alter the index values for scent re-creation, fix>m 1 

and l,toOand 1.) More complex editing situations can be manipulated using computer 

algorithms as discussed above. 

Individual scent components can be omitted, added, weakened, or intensified, and 

different scent conq)onents can be adjusted in different manners or degrees, depending on the 
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desired result The editing can be done interactively, with eac^ edited sceait 
emitter module for evaluation by the user, or can be done automatically, with 
removalAveakening or addition/intensifying of particular components specified in advance, on 
either an absolute scale or relative to other components, 
5 Scents can also be created, by selecting two or more elements from an ordered set of 

elements that represents or corresponds to an olfactory space and creating a scent profile 
the elements. The scent can then be emitted by an emitting device in the same manner as any 
other scent expressed a electronic representation. The relative intensity of the elements can be 
varied, in order to adjust the resulting scen^ preferably, the elemCTts are related linearly, so 

10 that changes hi the electn)iuc profile cause linear changes in tiieresultmg Forexanq)le, 
if it is desired to activate two scent receptors in a mammalian olfactory receptor system, 
multiplying the value for one element by a constant should increase tiie intensity of 
stimulation ofthe olfactory receptor by the same constant A oieated scent can also be edited 
by any other method described herein. 

IS The scents may also be created in terms ofthe index values of the scents available at 

die emitter device. 

Emission Subsystmi 

The emission subsystem is essentially a '^playback" unit for the scent as represented by 

20 the object file. Data fiom the object file can be compressed, uncompressed, or streamed over 

file Internet and is used to activate the appropriate chemicals which correspond to the index 

values in appropriate concentrations to reconstruct the scent. For example, the emission 

subsystem may comprise cartridges of proprietary chemical reagents in an Inkjet printer like 

device. The corresponding reagents in tiie ^ypropriate amount are spmyed onto an emission 

25 medium, where they are blended and v^rized to re-create the scent. The scent chemical 

cartridge can be a general cartridge, containing a number of reagents which may be dispensed 

to generate all scents, or as many scents as practicable. The scent chemical cartridge can also 

be a specialized cartridge, intended to hold a limited subset of chemicals which are well-suited 

for genmting limited scents appropriate and relevant to a specific application (e.g., a perfimie 

30 cartridge may have chemicals usefiil in generating a wide type of perfume scents; a game 

cartridge may have a limited set of chemicals useful in generating scents appropriate to an 

associated game such as vehicular scents for a racing game, munitions scents for a war game, 

etc.). The emission system can be capable ofusing one cartridge, two cartridges, or m 

two cartridges; for example, a dual-cartridge emission system can contain a ""general" scent 
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cartridge, which contains odorant substances suitable for reproducing common scents, and a 
"specialty" cartridge, which contains odorant substances suitable for reproducing scents 
limited to a specific context or application. The operating system for the scent playback unit 
should be capable of distinguishing between cartridges and adjusting its output accordingly, 
5 that is, the system can determine what odorant substances are available, how much of them are 
to be dispensed, and how to mix them accordingly. 

Schematically, FIG. 2 illustrates an alternate embodiment of an emitter subsystem in 
which a deep well plate emission system 60 is used to store the scent reagents. Adeepwell 
plate 62 contains die reagents needed to provide a particular scent The capillaries 64 carry the 

10 leagents throiigh a computer controllable weU-^specificnu The micro valves 66 

ate linked to a controller 68 which detetmines the flow of the reagents to the conidor 70 \^ere 
heating and mixing of componmt odorants occur. The corridor 70 is either a liquid or air flow 
chamber fiom vAnch the vapors 72 give ofiTflie desired scent 

OQxsr emitters include a resistor powered heating plate for boiling off the scent 

IS chCTiicals. In a system 80 depicted in FIG. 3A, a small portion ofihe reservoir 82 of the 
liquid is heated via a resistive element 84, causing an amount of the liquid to vaporize and a 
droplet is formed in a syringe or capillary 86 or other depositing tube by condensation, and the 
expanding vapor in the reservoir forces the droplet out of the tube to drop onto a heated 
evsqporation site 88. The heat fiom this eviration site 88 accelerates evaporation of the 

20 liquid into vapor to be transported by a stream of moving air 90, which flows out through the 
front of the device to the user. Residual deposits fiom incomplete ev^)oration may 
contaminate the evaporation site 88 and consequently may also contaminate subsequent 
intended scents. In a more elaborate scheme, it may be desirable to heat the evaporation site 
with different tempemtures at different regions to provide different rates of evaporation. 

25 Alternatively, instead of heating the liquid, the air space in contact with the liquid can be 

heated; the resulting v^r pressure of the heated air can be used to push the liquid through the 
syringe, capillary, or other depositing tube. Functions and operations of the various 
components are controlled and synchronized by the controller 92 in accordance with the input 
signal representing the scents to be played back. 

30 In a system 100 depicted in FIG. 3B, much like in FIG. 3A, a small portion of the 

reservoir 102 of the liquid is heated via a resistive element 104, causing an amount of the 

liquid to evqx>rate and a droplet is formed in a syringe or capillary 106 or other depositing 

tube by condensation, and the expanding vapor in the reservoir forces the droplet out of tiie 

tiibe to drop onto a heated evaporation site 108. The unique aspect of this evaporation site 108 

43 



SUBSTITUTE SHEET (RULE 26) 



wo 01/007093 PCT/USOO/20029 

is the fact that each pre-dejBned region has its own resistive heating element 1 12. Thus, each 
region has its own rate of evaporation of the liquid into vapor to be transported by a stream of 
moving air 110, v^ch flows out through the jfront of the device to the user. Functions and 
operations of the various components are controlled and synchronized by the controller 1 14 in 
5 accordance with the input signal representing the scents to be played back. 

In the preferred embodiment of FIG. 4, a rolling blotter paper 122 over a stationary 
heating element 124 combines a simple and reliable solution to the serious problem of residual 
contamination of the air stream. A liquid droplet 126 drops onto a sheet of blotter paper 122, 
which then rolls over a stationary curved heating sur&ce 124 for evaporation. After the 

10 appropriate time is allotted for evaporation, the sheet continues to roll into a take-up ^eel 
128, where there is no longer any heat applied, and consequently the scent of the residue on 
this section of sheet will be stifled. The heated surface 124 will be constantly cleaned by the 
natural motion of the p£q?er over it, as more and more scents are played by the user. The flow 
ofair 130 over tbie heated element 124 will cany the scent to the user. Functions and 

IS operations of the various components are controlled and synchronized by the controller 132 in 
accordance with the input signal representing the scents to be played back. 

The replacement of the blotter paper will be designed to reflect usability on the same 
level as replacing printer paper in an electronic adding machine, cash register, or other similar 
device which uses a rolling paper mechanii^. Because this design employs continuous 

20 movement of the paper during the scent-playback mode, the life of the roll of blotter paper will 
dq)end on the number of wells of liquid as well as the speed with which the paper moves 
through the emitter system. The purely mechanical approach to removing scent residue (as 
opposed to relyii^ on the fluid mechanics and timing of evaporation) assures a reliable ceasing 
of residual odor and predictable fimctionality. This reliable nature addresses the sharp "on" 

25 and "oflT which may be desired by the user of the scents. In an alternative embodiment, the 
rolling blotter paper design may employ a mechanism in which die paper stops moving ^^lile 
the liquid droplets are being deposited In this manner, the blotter p^r will once again 
resume rolling until a need for another scent is requested. (The scents 'flayed" by this and 
other emitters are sometimes referred to as "'scent notes.*^ This non-continuous rolling of 

30 blotter paper will repeat until all scent notes have been played back. 

Another feature of the blotter paper method is the ability to &de smells in and out and 
perhe^s also alter blends of smells. Much like a player piano, the blotter paper will roll along, 
accepting liquids as it goes. The device can begin by squirting one liquid out onto the paper. 
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while slowly fading in subsequent smells in order to create blends. Also, pre-existing blends . 
may also be altered, depending on the proximity of the release of one liquid after the other. 

In another embodiment depicted in FIG. 5, the system 140 has individual heated pads 
144 mounted directly below the orifice 150 through which the liquid 142 emerges after boiling 
5 off by the resistor 148 in the reservoir. The Uquid wicks out onto the surface of the heated pad 
144 outside the reservoh- and then evaporates into tiie air stream 1 52 out to the user. Since 
these heated pads 144 are individually controlled, the heat to a previous scent note may be 
stopped before heat to a subsequent note is applied. A small amount of reagent residue &om a 
previous scent note played may remain on the heated pad for that note. Theamountof 

10 contamination by the residual of an earlier scent note is dependent in part on tibie control of the 
cooling of the pads. Theamountof Uquid remaining on the heated pad after it is shut off will 
depend in part on how well such liquid wick. Uniform wicldng is desired as die control of the 
evaporation would be more predictable. The tracking accuracy of the scent emission fiom the 
miitter m synchronization with media presentation depends in part on the length of time it 

15 takes for an individual pad to heat up to sufficient temperatures, as well as to cool down 
sufficiently so that it no longer promotes evaporation. The fimctions and operations of the 
various components are controlled and synchronized by the controller 154 in accordance with 
tfie input signal representing the scents to be played back. The heated pads may be an integral 
part of a disposable/replaceable cartridge unit that contains the scent reagent reservoirs. The 

20 heated pads would be disposed ofwi& the cartridge. Thecostoffte heated pad may be kept 
to a minimum by adopting conventional printed circuit or deposition techniques to form the 
pads. It is important to note that in any of the aforementioned systems 80, 100, 120, and 140, 
a reversible fen can be incorporated relatively easily into airflow channels of the embodiments 
and may help solve the problem of sharp "on" iand "off" of desired scents. * 

25 Other emitter designs involve the fluid mechanical properties of the moving air used in 

the device. In FIG. 6, die system 160 takes advantage of the low pressure created by a jet of 
high speed air 162 through a Venturi tube 164. This design would require a separate Venturi 
tube 164 to be set up for each individual well of liquid 166, which is regulated by a valve 168. 
When the deshed scent note is requested, the corresponding valve 168 opens and allows some 

30 of tiie vapor fix>m the reservoir 170 to be drawn into the fast moving air stream 162 outside via 

the low pressure induced by the Venturi tiibe. This vapor would then flow with the an: out 

through the JGbont of tiiie device to the user. Functions and operations of the various 

components are controUed and synchronized by die controller 172 in accordance with the 

mput signal representing the scents to be played back. 
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As depicted in FIG. 7, yet another embodiment of the emitter. 1 80 involves a high- 
sur&ce area mediiun, such as a gauze 182 (which can be cotton gauze, silk gauze, or made 
from any otiier suitable material), to be doused in the liquid 184. This medium would be 
contained in its own reservoir or compartment 1 86, sealed off with a valve 1 88. When the 
5 desired scent note is requested, the valve 188 opens, and a jet of air 190 blows through the 
gauzy surface, blowing evaporated gas and/or reagents sitting in the reservoir, along with 
perhaps some fine particles of liquid into the transverse air stream above. This combination of 
gas, liquid and air would dien travel through the front of the device to the user. Functions and 
operations of the various components are controlled and synchronized by the controller 192 in 

10 accordance widi the ii^ut signal repiesenting the scents to be played ba^ Abenefitofthis 
approach is the rdativestn9)Hc]ty in the method of expulsion. As the gauze only needs to be 
exposed to apressurized air stream, no additLonal heating elements or circuitry are needed in 
ord^ for the scesit note to be expelled mto the air stream 

Another emitter design involves tihe squirting of jets of chemical reagents representing 

15 primary scents out toward flie user, a space (e.g., a v^rization chamber or corridor as in Fig. 
2) or a medium (e.g., a piece of blotting paper) for vaporization. The control of the liquid jet 
is analogous and may be referenced to a Hewlett Packard Ink Jet printer (e.g., U.S. Patent 
No. 4,532,530). The reagents on the blotting paper may be vaporized in similar manners 
desoibed in the above embodiments (e.g.. Fig. 2 and Fig. 4. Usage of the above-<Iescribed 

20 embodimCTts would depend in part on the balance between the value of the specific 
^plications versus the cost of replacement of the disposable components. 

Instead of usiag Uquid reagents, reagents in solid phase may be used as the starting 
material for generating scents. The solid reagents may be in the form of palettes or paste 
stored in receptacles such as containers or wells. The soUd reagents are melted and vaporized 

25 selectively, such as using the afore-described methods to obtain the desired combination of 
primary scents. Reagents may be developed such that they do not emit odor when they are in 
the solid phase. Furdier, soUd reagents may be developed tibat sublime from solid phase to 
gaseous phase. Such solid reagents are easier to handle and process, and the emitter design 
may be simplified. 

30 Another alternative is the use of tanks or other containers of gaseous substances. 

Regulators can be controlled via computers or other electronic or electromechanical devices to 
emit appropriate volumes of gas. 
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Alt^atively, fhe reagents may be impregnated into substrate based carriers, such as 
beads, gauze or other substrates that offer exposure of the reagent to a large sur&ce area for 
vapori2ation to generate the scents. 

Other scent-producing members may be adapted to emit scent in the emitter subsystem 
5 as well. U.S. Patent No. 5,887,118, which is fiiUy mcorporated by reference herein, discloses 
a scent-producing member with an associated resistive element to act as triggers for scent 
production. Also, mechanisms such as scent rolls as disclosed in U.S. Patent No. 5,832,320, 
which is fully incorporated by reference herein, may be employed to provide the odorants by 
rolling the desired scents onto a scent carrier. Other emittii^ devices such as a heating plate 

10 and a fen which upon actuation causes perfume in tiie emitting device to be release can be 
used as disclosed in U.S. Patent No. 5;398,070, which is fully incorporated by reference 
herein. Furdier exanq)les of existing emitters are described in U.S. Pa 
which is fully incorporated by reference herein, where metered spr^ technology introduces 
controlled amounts of aromatic chemicals in the air from spray containers. Similarly, U.S. 

IS Patent No. 5,724,256, which is fully incorporated by reference herein, discloses a odor 
disposing system in which alinear array of odorant containers dispense odorants onto a 
rotating absorptive porous member connected to an air channeling device. 

In all of the above embodiments, a carrier can be mixed or otherwise combined with 
the odorant substances for emission. The carrier is preferably inert (non-reactive with the 

20 odorant substances) and odorless. The carrier is selected for compatibility with the form of the 
substances used; for exanq)le, liquid reagents can be mixed with another Uquid, such as water, 
and gaseous reagents can be mixed with another gas, such as ambient room air, a standard 
room air mixture contained in a tank, heliimi, or oth^ gases. The carrier can be combined 
with the odorants at any stage of Ae emission process, e.g., the carrier can be combined with 

25 odorant substances immediately before emission; or it can be combined with each odorant 
substance individually followed by combination of the odorant-carrier mixtures and then 
emission of the combined mixtures; or it can be combined with one odorant, followed by 
addition of more odorants to ibQ initial odorant-carrier mixture; or it can be combined with 
mbctures of odorants at any stage prior to emission. 

30 The subsystems may find utility and embodied in various implementations without 

departing fiom the scope and spirit of the invention, as will be apparent from an understanding 

of the principles that underlie the iuventioiL It is understood that the emitter concept of the 

present invention may be ^bodied in different types of hardware and/or software platforms, 

whether in an information exchange network envux>nment or otherwise. For ^cample, the 
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present invention may be applied to devices for game, business, productivity and ofhex types ... ^ . 
of applications. 

It will be appreciated that the line between hardware and software is not always sharp, 
and those skilled m the art will understand that such networks and communications facility 
5 involve both software and hardware aspects. A method or process is here, and generally, 
conceived to be a self-consistent sequence of steps leading to a desired result These steps 
require physical manipulations of physical quantities. Usually, though not necessarily, these 
quantities take the form of electrical or magnetic signals capable of being stored, transferred, 
combined, compared, and otherwise manipulated. It proves convenient at times, principally 

10 for reasons of common usage, to refer to these signals as bits, values, elements, symbols, 
characters, terms, numbers, or the like. It should be home in mind, however, that all of &ese 
and similar terms are to be associated widi the appropriate physical quantities and are merely 
convenient labels applied to these quantities. 

Useful devices for performing the operations of the present invention include, but is 

1 5 not limited to, general or specific purpose electronic processing and/or information processing 
devices, which devices may be standalone devices or part of a larger system. Asusedinlfae 
context of the present invention, and generally, electronic processing and information 
processing systems may include computers (such as personal computers), personal digital 
assistant, video game consoles, television consoles, set-top boxes, broadcast radio consoles, 

20 application specific systems, and other systems and devices that incorporates a processing unit 
The devices may be selectively activated or reconfigured by a program, routine and/or a 
sequence of iostrucdons and/or logic stored in the devices. Memory devices, which can be 
used for memory modules of the system, include, but are not limited to, videotapes, 
audiotapes, cassette tapes, compact disks (CD's)^ digital video disks or digital versatile disks 

25 (DVD's), computer memory devices such as ROM, RAM, PROM, EPROM, hard disks, 
floppy disks, electronic files, software cartridges, Web pages, file servers, and the like. 
Control devices which can be used in the system include, but are not limited to, 
microprocessors, integrated cncuits, general purpose computers, and special purpose 
con4>uters. In short, use of the concq)ts described and suggested herein is not limited to a 

30 particular processing configuiatioiL 

The subsystems mentioned above are preferably software driven. The operating system 
and programming language, protocols, and drivers are developed for the various systm 
components. Preferably, the operating system, protocols and drivers should be hardware 
and/or software platform independent 
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In a presently preferred embodiment of the invention, scent objects may be 
incorporated into Intemet or computer software applications, such as multimedia applications 
or content deployed over the World Wide Web, through the use of functions supplied fix>m a 
software development kit (SDK) and executable on a runtime machine, such as a personal 
5 computer. In one embodiment of the present invention, the SDK is a COM model object 
packaged as a dynamicaUy linked Ubraiy(DIX) for use as an in proce^ Preferably, 
the SDK may be handled as a standard COM object running under Microsoft Windows, 
GxpoTtmg the requisite functions to the application programs, although the functions of the 
SDK may be written in C4-f source code or other programming language known in the art, and 

10 may be platform and operating system independent In addition to the SDK, a low level 

device driver is also installed ontiie runtime machine to inter&ce between tiie SDK functions 
used in the applications programs and the scent emitting device in a manner well known in tihe 
art Preferably, the SDK DLL should be included with the software applications that 
incorporate SDK ftmctions, and should make use of the scent emitting device device driver 

IS present on tiie runtime machine. If there is no scent emitdng device and/or coirespondmg 
device driver installed on the runtime machine, the SDK functions should Ml gracefidly, 
' without affecting the exection of other portions of the application program. 

Preferably, the scent objects may be proliferated via the Intemet and may include a 
built-in security key. The SDK wiU not ernit a scent unless the corresponding scent ob^ 

20 contains a valid key. If tiie key is invaU4 the flmction enutScentQ wiU Ml aiul issue a^^ 
ssInvalidKey error message. Scents tiiat do not contain keys are called unauthorized scents. 
Scents with embedded keys are authorized scents. Unauthorized scents may be emitted using 
a scent browser as described above. Preferably, the SDK nmy be distributed with a set of fully 
authorized dummy scent objects containing valid l^ys. These dummy scent objects may be 

25 used for testing with an emulator program, discussed below, and should be replaced with 

actual scent objects defined in the manner described above for use with a scent emitter device. 

The SDK has a simple flow of execution. At start run the object is created using a 

helper function^ such as IScentWareSDK "^CreateScentWareCvoid). At the end of program 

execution the SDK object is destroyed once again with a boilerplate helper function, such as 

49 



SUBSTITUTE SHEET (RULE 26) 



wo 01/007093 PCT/USOO/20029 

ssBoolDestroyScentWareSDK(ISceiitWareSDK *theScentWare SDK). This function simply 
calls the SDK's ReleaseQ meAod. 

Once the object has been created the environment may be opened and closed using ihe 
openO and closeQ member functions. After a successful call to openQ has been made, it is 
S possible to call one of the emitScent(. . .) function signatures or the accessor and mutator 
functions of the ScentWaie object When the application is finished using the SDK, a call is 
made to closeQ* In addition, the SDK supplies a function to allow the software environment 
to set the communications port of an scent emitter device prior to the call to openQ. Version 
accessor functions will allow the software application to obtain version information on both 

10 the SDK as well as the iscent emitter device driver on the runtime machine. If no driver is 
found then the getDriverVersionQfinoictionwiU return NULL^ A fimction isDevicePresentQ 
may also be defined to determine if a scent emitter device is present on tiie runtime machine, 
thus permitting the application program incorporating the function to enable or disable any 
preference controls related to scent 

1 5 The SDK runs on top of a thread that does the work of emittmg a scent and timing its 

persistence envelope. This tiiread has a lower than normal priority. The rendering thread also 
prevents the emission of a given scent if the same scent is still persistent In addition, if an 
emit call is made for a different scent vAiHe the scent emitter device \^diile the device is 
actually emitting scent essence, the scent will be held pending until the device is not busy and 

20 the scCTt will be emitted. It is only possible to hold a single scent pending at any given time. 

In one embodiment of the present invention, a scent enutter device may operate by 
emitting small portions of scent essences. A v2q)oriz;er may vaporize the essrace mixture, 
wUchisthendifiiisedintotfaesurroimdingairbythediffi^ Vaporization refers to the 
amount of heat applied to the scent essence in a vaporization chamber in the scent emitting 

25 device. Preferably, vaporization is represented m the SDK as a number firom 0 to a maximimi 
vaporizer setting, where 0 is set to off. Higher vaporization values will create scents with a 
sharp onset and shorter persistence, as scents will be vaporized more quickly. Diffusion refers 
to the amount of air passed through a scent vaporization chamber. In the software functions of 
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the SDK, diffusion is also lepiesented as a number from 0 to some maximum diffusion value, 
such as 255. Lower diffusion rates vdll soften the strength of the scent 

Preferably, each scent has vaporizer and difiuser settings in the object, so that it is not 
necessary to specifically call setVaporizerQ or setDiflftiserQ. An overloaded signature of 
5 ^nitScentO niay also be available to allow the calling application full control of these settings. 

As discussed above, the intensity of a scent is based on several factors, the foremost of 
which is the amount ofessence that is emitted. Vaporizer and diffiiser settings can also affect 
the intensity but to a lesser degree than the amount of essence emitted. The SDK settings for 
intensity deal with the amount of essence emitted by the scent emitter device. In addition, as 

10 discussed above, a scent can be either simple or complex; in one embodiment of the present 
invention, a simple scent uses only a single scent essence while a complex scent uses up to 
eight different essences. Complex scents may be int^reted in the SDK as a product of 
several different essences emitted with varying intensities. Preferably, both types of scents 
preferably have singular V^rization and Difiuser settings for their intensity level, ssNfild, 

1 5 ssNormal, and ssStrong. 

As discussed above, a scent has two phases of existence: emission and persistence. 
While the scent is being emitted by the scent emitter device, the device is busy and cannot 
accept further commands. If a command for a dissimilar scent to the current scent is received 
during emission time, it should be held pendmg. While the scent is persistent in the air, the 

20 thread mechanism disallows the smell emitter device fiom producing further emissions of the 
samescent Functions may be written to access scent olgects of recently enuttedscen^ 
order to determine i^ether a given scent, or even any scent is currently persistent The thread 
mechanism prevents a succession of game space object triggers from emitting an 
over^elming scent when only a single emission is needed. Iteratively calling emitScentQ 

25 without the protection of the threads persistence aging process can overload the v^orizer and 

produice a strong scent with an overly long persistence envelope. 

In one embodiment of the present invention, the command slot for the thread is a single 

command deep. If a command is already pending, successive calls will £ail. When the thread 

accepts the command it clears the command slot and makes it ready for the next command. 
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In a scent enabling an interactive application, generally, "less is more". A world scent 
ibat is triggered every S-10 minutes coiq)led with prize, event, or entity based scents is one 
potential design pattern. Because of the nature of scent persistence, the calling application 
should be discreet about the number of calls made. The thread based protection from emitting 
S multiple iterations of the same scent, as discussed above, will offer further protection from 
excessive triggering of scents. 

In a preferred embodiment of the present invention, a software ^ulator executable in 
a conventional computer operating system, such as Microsoft Windows, may be supplied. The 
software emulator, when connected to a host station via a null modem cable, will log and 

10 display all transactions with a virtual scent emitting device located at the host station for the 
purposes of development testing during the process of scent enabling software q>plications. 
The emulator requires a second computer (the target) to be connected to the host 
(development) station via the null modem. Preferably, this cable should be coimected from 
communications port COMl on the host to COMl on the target Once the connection is made, 

IS the emulator program may be run on the target machine, with a software qyplication that is 
scent enabled using the SDK function executing on the host statiotL The emulator outputs the 
commands sent to it as text in a text window. The emulator program may use a list of scent 
names si4)plied in a text file that may be edited in order to customize the list of scent names as 
needed. Preferably, the file format is a simple text file containing the names of each scerit on a 

20 separate line with the word End followed by a return at the end of &e listing. 

The Appendix contains source code, including function prototypes, written in the C++ 
prograiuming language, for a computer implementation of the SDK. ' 

25 Applications of Technology 

It is evident that the ability to record, store, transmit, and playback electronic scents 
would find many applications. For example, scents may be stored for forensic purposes. This 
storage system would allow for quick dissemination of information between various 
investigative agencies and would eliminate cumbersome storage facilities. In other 

30 applications, scents for food or cosmetic products may be stored as standards for quality 
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control of production. The olfactory characteristics of the production would be measured 
against that of the stored standards. 

In other commercial embodiments, a electronic "scent signature" can be created for 
advertising or other piirposes. A particular stored scent profile can be associated with a given 

5 location, event, person, object, concept, or product Retail stores such as restaurants, coffee 
shops, and other variety shops may wish to broadcast a particular scent profile along with 
visual and audio advertising. The present invention will be especially usefiil with thfe 
e?q;>anded use oftheint^et and related computer applications. Online sampling of scents will 
make available for consumers to evaluate new items before deciding on a particular purchase. 

10 Online shoppers (e.g., for perfume) could now sanq)le the scent of the product v/hsa making a 
purchase decisiorL Suchapplications would add anew dunension of virtual reality to 
advertisements. Association of a scent representation, v^ch can be conveniently stored in a 
• file on a computer, with daily events, advertising, promotion, products, services, content 
delivery, hardware opmttmg status, thought, location, physical objects, tangible objects, and 

IS intangible objects are additional applications. For example, content deliv^ consisting of 
movies can contain scents iqppropriate to scenes in the movie, such as floral scents during a 
depiction of a garden scene. A Web page displaying a location such as a beach could generate 
scents associated witii that location. Electronic greeting cards can be customized with scent, 
such as the addition of the scent of flowers to an electronic Valentine's Day card. 

20 In the context of multimedia presentations, the electronic scent data may be emb^^ 

in a multimedia file to synchronize the production of scents along with visual and audio 
presentation of the multimedia content For example, virtual reality games could now include 
scent for more realistic game play. Adult entertainment can be enhanced by specific scents. 
Scents can be embedded into CD's, DVD's, movies, or broadcast with television and radio 

25 programs. It is important to note that with the present invention, it will be possible to also 
"dub" the scents onto existing CD's and DVD's as an aftermarket feature. For cable or 
satellite TV broadcasts, existing tracks for closed captioning may be used to ""piggyback" the 
transmission of electronic scents in the programs. Thus, the proper ambience for each movie, 
song, or game will be provided with the desirable scents. A system for streaming scent 

30 playback analogous to the RealAudio/RealNetworks ""streaming" method for audio may be 
desirable. For broadcast radio, electronic scent data may be transmitted in a complementary 
firequenc^ or multiplexed &shion in synchronization with the radio programming to enable the 
listener to experience scents that correspond to the particular radio programming. Tlie scents 

53 



SUBSTITUTE SHEET (RULE 26) 



wo 01/007093 PCT/USOO/20029 

may be playback with an emitter that is integrated Avith the radio or coupled to the radio 
frequency. 

Scent emission could also be synchronized to the operating activities of a p^ 
electronic system. Personal computers, set-top boxes, audio systems, on-board computers on . . . 
5 automobiles, central monitoring unit in a home, as well as other systems could be programmed 
to emit certain scents based on the then current function of the system. For example, a certaia 
scent could be matched up with a computer's mitial boot-up sequence, while another scent 
could go with an error message, and another for shut-down mode. Furthermore, scents of 
these systems could be synchronized with the times of the day. For example, a personal 

10 computer, a set-top box coimected to a TV, or a central monitoring unit of a home could emit 
the smell of coffee and fresh-cut flowers during the morning hours and send off the smell of a 
firq>lace or a barbecue in the evening. 

Other forms of advertising via the World Wide Web on the internet are possible. For 
example, banner advertising whi(^ are now prevalent tfaroug^^ 

IS the scent technology. In an effort to grasp people's attention, banner advertisements for flower 
shops, for example, could emit floral scents eidier automatically as soon as the banner appears 
on the screen, or upon the user's clicking on the banner itself: For banners which emit scents 
automatically, the banner ad itself would have the scent object files incorporated in the banner 
along with other advertising information. For click-and-smell banners, the banners could 

20 simply employ a hyperlink which would reference the scent object files. A particular user's 
clicking of the hyperlink would initiate the scrat transmission and the server web site would 
^serve" flie scent object file. In effect, the ^click-and-smell" function would sunulate a 
"scratch-and-sniflr motif found in various print advertisements of popular magazines. With 
this new scent feature for banners, the advertisements can "^come alive" and add a more 

25 forcefiil promotional effect User interactive games in vMch people mail scent objects to each 
other will also be possible. Scent enabled greeting cards and electronic mail will also provide 
further marketing tools. In such as case, the greeting cards as well as the electronic mail will 
be sent fi:om one user to another and will contain the scent chosen by the sender. 

Fig. 13 is a pictorial representation of the sequence of scent digitization into a 

30 electronic file, broadcasting of the electronic file , and synthesis of the primary scent based on 
the electronic file. 

Electronic encoding of scents also gives flexibility to create new scents. In particular, 

by providing a unique prognunming language for the creation of scents, one can design new 

scents electronically, analogous to computer-aided design of physical or musical objects. 
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Thus, a fine tuning of tibe desired scents can be attained for maximum satisfaction of the users. 
Existing scents can also be edited to add or improve on desirable characteristics, or to remove 
unwanted characteristics. Consumer products (e.g., shampoos) can be reformulated for more 
pleasant odor characteristics. One particularly important application of scent editing is in 
5 flavoring. Taste perception is strongly odor-dependent, and the flavor of foods can be 

significantiy improved by editing a scent profile of a given food, followed by the addition of 
an odor to enhance a particular desired flavor. By the same method, the use of a scent- 
blocking additive can block a particular undesired flavor. 



10 Conmiercial Applications of Scent Technologies 

Scent Databases 

A web site would provide rad users such as advertisers a depository/database of scents 
to be tested to create various new scents. Table 1 of Example 1 provides a description of one 
such initial database; as new scents and new combinations are created, the scent objects 

IS corresponding Wiethe newly-created scCTt is registered in the scent database. Users can sign 
up with the web site and each receive a imique user identification and a password to access the 
systemL In the system, each scent object would have a textual description as well as a 
hyperlink fi)r end users to read and explore, respectively. One model which could be used to 
classify the various scents for end users is a wine aroma vdieel as depicted in A.C. Noble, 

20 RA. Arnold, J. Buechsenstein, E. J. Leach, J.O. Schmidy, and P.M. Stem, ''Modification of a 
standardized system of wine aroma terminology", American Journal of Enology and 
Viticulture, 38/2 (1987). The wine aroma wheel would provide an existing "platform" of 
scents based on pre-classified and well-known aromas. Another way of classifying and 
presenting scents would be to employ a list of available scents. In either scenario scents would 

25 be sub-grouped into categories and the end users could browse the web site to sample the 
scents. 

Advertisers or contmt developers will be able to purchase electronic objects, typically 

scent objects (e.g., online over an information exchange network such as the Internet) so that 

their respective iq)plications may take advantage of this electronic scent technology. As 

30 mentioned above, these electronic objects available for purchase will be categorized based on 

scent classes and form a registry of electronic scent objects. For example, a beach hot dog 

vendor niay have a web site promoting his hot dog stand on the internet As such, the vendor 

may wish to incorporate the smell of hot dogs with his advertisement on the World ^de Web. 

The vendor could license a electronic description with the generic hot dog smeU. A database 
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of scent objects— in effect, a ""scent registry' --caa be created^ with various scents of interest to 
vendors, advertisers, and individuals or groiqps which want to incorporate scent into their Web . 
• page or other presentation (such as email). The database can be accessed, sampled, and a 
scent object can be purchased or licensed for placement on the Web page or other presentation. 
5 In one embodiment, the database is placed on a Web site, with appropriate text and other 

descriptors of scents. For example, a scent object entry for decanoic acid can state: "Decanoic 
Acid. Scent characteristics include fatty, rancid, citrus. Food/beverage compatibility: appears 
on United States Food and Drug Administration list of 'generally recognized as safe' food 
additives." In practice, the scent objects listed will be for complex scents, with many 

10 elements. The scent objects can be listed, or sorted, by the perception of the scent (e.g., • 

""ci1rus")» hy the recommended qiplicadon of the scent object or recommended applications to . 
avoid (e.g., ""best used in per&mes; suitable for lotions; camiot be used in deteigents'O, by its 
toxicological data (e.g., "safe for skin contact; not safe for ingestion"), by its cost^ by its 
principal or secondary chemical components, or by any other characteristic that would affect 

IS the use of the scent corresponding to that scent object 

The registry can incorporate such features as: checking newly-created scent objects 
against a database existing scent objects, to determine whether the newly-created scent object 
has already been created by another user (or whether an existing sc^t object is similar to the 
newiy-created scCTt object, and the degree of similarity, i^ch can be based on the perceptive 

20 classification of Hxc scent, the chemical recipe for the scent, or other indices); checking the 
ne\^y"<a:eated scent object against a database to screen for possible infi±Qgement of patent or 
other intellectual property rights; or checking flie newly created scent object against a database 
to determine whether the combination of chemicals used for the scent may be deleterious to 
health, deleterious to people with certain conditions such as ^)ecific allergies, or to determine 

25 if tibie combination of chemicals presents any other hazard, such as to &e scent emitting unit or 
other equipment (for example, combining a volatile acid with a volatile amino compound may 
produce a solid precipitate, clogging Ihe scent emission unit). In the event a problem or hazard 
is detected, the user can be warned appropriately, the scent object can be rejected from the 
registry or listed as inoperative, or other remedial action can be taken. 

30 Furthermore, advertisers or content developers wanting to use a proprietary smell can 

do so by custom tailoring the electronic description of their unique scent They may also 

develop the proprietary scent as a single ou^ut odorant substance for emission by the ^tter. 

For example, if a particular perfume maker wishes to advertise with its own scent instead of a 

generic perfume scent, the maker could provide its own electronic description to be used with 
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the electronic scent technology described and disclosed herein. Alternatively, to provide users 
with a true representation of the perfume, the perfume maker could provide a sample or 
distillate of the perfume to incorporate into the emitt^ subsystem. If a cartridge device is used 
for the emitter system, the advertiser can purchase the right to have a particxilar scent placed in 
5 the cartridge. This effectively divides tiie space available for storing odorant substances in the 
emitter system into "real estate" which is then purchased by one or more companies v^o wish 
to make their particular scents available for emission by the emission system. In this 
embodiment of the invention, the company purchasing the right to have their scents placed in 
the emission system will typically siq>ply the actual scent to be placed in the emitter, such as 

10 tibe sample or distillate provided by the perfume manufacturer in the above example. 

An additional plication of scent technology, which is particularly suitable for 
advertising, marketing, and promotion, is to associate a scent with an entity or action that 
normally does not have a scent associated with it, or associating a scent with an entity or 
action other than the scent commonly associated with that entity or actioiL Qneexampleof 

IS this application is to associate a scent with a company name or company logo; e.g., a 

brokerage firm advertismg on the Internet using a banner ad may wish to have the scent of 
fieshly-printed money emitted when a user views or clicks on the ad; a residential developer 
may vnsk to have scents associated with the home (e.g., freshly baked apple pie, baby powder, 
or the like) emitted \^dien a user visits its Web site. An example of a scent not normally 

20 associated with an entity or action is the scent of damp eartii associated with a sports utility 
vehicle. 

User-created scents and other scents can be listed on a central Web site for sharing 
with other users, or can be placed in a protected area of a Web site for use only by a limited 
subset of users, perh£q)s only one user. A Web site can have a list of freely available scents, • 

25 and another list of limited access scents, which can be accessed by paying a license fee, 

subscription fee, or ^plying for access. Access can then be granted to sample tiie scent once, 
a limited number of times, or freely; or permission can be granted to link the scent to the 
subscriber's Web site or download the scent object, or present the scent on another device 
(e.g., a standalone scent kiosk). 

30 Items and services vduch utilize scent include, but are not limited to, perfumes, 

colognes, perfumed articles, candles, incense, sachets, air fresheners, or in cosmetics; in 

lotions, ointments, and creams for application to the skin; in hair care products such as 

shanipoos, conditioners, hair sprays, hair gels, hair mousses, so£^, eto. in personal care 

products such as so^, deodorants, antiperq)irants, shaving creams, afimhave lotions, 
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mouthwashes, toothpastes, respiratory care products and other medicines (e.g., vapor rubs, 
cough drops, etc.). One of skill in the art will recognize that for any product utilizing a scent, 
• the scent chemical must be safe for the application used; for example, scents used in lotions or 
deodorants must be safe for q)plication to the skin; scents used with mouthwashes or 
5 toothpastes must be safe for contact with the human oral cavity. 

CMher items wMch utilize scent include, but are not limited to, solid or liquid aniom^^ 
nonionic, cationic or zwitterionic detergents; &bric softener articles; dryer-added fabric 
softener articles; &bric softener compositions; cosmetic 

polymers and the like; washes and rinses for fruits and vegetables (using scents that are safe 

1 0 for human consumption on foods); laundry and cleaning products, such as dish detergents, 
water softeners, fabric conditioners, hard sur&ce cleaners (e.g. floor cleaners, floor waxes, tile 
cleaners, deodorizers and disinfectants, etc.) and laundry detergents, &hric softeners, and 
bleaches (vdien the bleaching component is compatible with the scent components) 
Additional items wfaidi utilize scent include, but are not limited to, hygienic paper products 

15 such as di£q>ers, disposable undergarments, feminine protection products such as sanitary 
riapkiiis and tanq)oiis,fiunal and bathroom tissues and towels, and wipes. Oth^paper 
products include, but are not limited to, stationery, postcards, stamps, decals, stickers, business 
cards, greeting cards, posters, calendars, photographs, household paper towels, paper cups,, 
plates, and other eating utensils (using scents safe for contact with fi)od). Scents can also be 

20 incorporated into foods and beverages, including, but not limited to, wines, beers, candy, soda, 
mineral water or other water beverages, chewing gum, and processed foods, where such scents 
are safe for consumption with the food and/or beverage. Scents can also be used in 
conjunction with electronic systems. Examples include, but are not limited to, transmission of 
scents via email ("scented email"); scents coordinated or asisodated with system operations 

25 (e.g., startiqp scents, shutdown scents, error scents, and system clock driven scent alarms; 
microprocessor-driven home and/or car scents, where emission of scents is controlled by a 
microchip or a computer driven home and/or car scent system(s), with emission of scent based 
on time and/or location, or on demand via voice or traditional inter&ces. 

While tiie invention described herein has been referred to primarily in terms of the 

30 hunianolfEutory system, tiie invention is not limited to the hum 

mammalian olfactory systems. The invention can be used with any aiiimal which responds to 
odorant substances. For example, a human operator can generate or edit scents for pet food, 
and a panel of dogs, cats, or other household pets can be screened to test the ^peal of a 
particular generated scent Scents can be tested on mice, rats, guinea pigs, and other rodents 
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and animals, for testing puiposes, research purposes, or rodent control purposes. Insects are 
knovm to be highly responsive to odorant substances, and the invention can be applied for 
purposes of insect control (such as repelling unwanted insects from a house or outdoor 
location, or attracting beneficial insects to agricultural sites). Thus, while the invention has 
5 been primarily described in terms of the human olfactory systGm and human olfactoiy 
receptors, it can appUed to any animal responsive to scents and odors. 

Scent selection by users can also provide useful information for other commercial 
purposes. As mentioned herein, die invention embraces the customization of products such as 
computer games, audio recordings (such as compact disks) or video recordings (such as 

10 DVD's) or other products with scent tracks dowdoadedfiT)m a database. Tabulation of the 
usage of scents in each application can provide vendors with useful data, particularly the use 
of scents associated wifli particular £eatures of the product For example, statistics can be 
compiled regarding the frequency with which particular scents are added to characters in a 
computer game, the frequency with which particular scents are added to certain types of 

IS music, or the frequency with ^ch particular scents are added to categories of greeting cards. 
A vendor can then examine such data for useful information regarding the preferences of 
scents associated with a particular product. Users addmg scents to greeting cards, for 
example, may prefer specific floral type smells for Valentine's Day-related cards over other 
types of smells, e.g., lavender may be preferred over rose by a 2*-to-l ratio, or all floral scents 

20 may be preferred over all other scents by a 4-to-l ratio, or all floral scents may be preferred 
over food-related scents by a 100-to-l ratio, vAxen applied to the Valentine's Day greeting 
cards. Vendors can use such information to customize products (such as Valentine's Day 
greeting cards sold in ordinary stores) with the preferred scents, or for other marketing or 
commercial purposes. Similarly, if purchasers of classical music prefer floral type smells 

25 when customizing audio recordings with scent tracks, ^^Me purchasers of 

choose scents associated with large crowds, such as sweat or smoke. A vendor can then use 
this information to customize products (such as compact disks or other audio recordings sold 
in ordinary stores, or on-line via non-scent-enabled computers) with the preferred scents, or 
for other marketing or commercial products. Similarly, tabulation of data regarding scent 

30 tracks added to movies by various users can provide information to the vendor about preferred 

scents associated with particular scenes. 

The data regarding scent selection can be sorted using various demographic criteria, 

e.g., age, sex, mcome level, by preferred hobbies or activities, by region or locality, or by other 

demogrs^hic categories, m order to target particular markets. For example, a vendor may 

59 



SUBSTITUTE SHEET (RULE 26) 



wo 01/007093 PCT/USOO/20029 
observe 4iat purchasers of greeting cai^ . ^ 

purchasers of greeting cards m Maine prefer rose-scented cards, and can target their 
distribution (whether on-line or in traditional sales outlets) accordingly. 

Li another embodiment of the invention, scent vendors can place their own scent tracks 
5 on products such as games, musical recordings, movies, etc., as a "scent product placement'* 
This is especially useful when the scent is associated with a particular feature of the product, 
such as a character in a video game or movie, the climax of a musical performance, or an 
exciting scene in a video game. A maker ofperfumesinay wish to have thdr perfume 
associated with a particular character in a video game or other video display; e.g., a movie 

1 0 featuring an attractive heroine may contain a scent track specifying the delivery of a 
proprietary perfume scent \^en the heroine is on screen. Likewise, a movie with scenes 
^ere food or beverages are consumed may contaui a scent track specifying the delivery of the 
scent of a particular brand of food or beverage vfbm those scenes are displayed; a movie with 
scenes of people on a beach may contain a scent track specifying the delivery of the scent of a 

1 5 particular brand of suntan lotion when those scenes are displayed. In an analogous manner, 
scent tracks can be placed on music recordings such as compact disks, DVD's, computer 
games, video games, TV and radio broadcasts, and otiier multimedia presentations. Examples 
of features witii ^ch the scents may be associated include, but are not limited to, a character 
in a game or movie; an action in a game or movie; an enviroimient in a game or movie; a scene 

20 in a game or movie; an object in a game or movie; a period of time in a game, movie, or 

musical recoidmg; a level in a game; a phase or stage of a game, movie, or musical recording; 
a score kept in a game; progress made in a game or movie; a particular sound in amusical 
recording; a particular musical instrument in a musical recqrding; or a particular voice or 
singer in a musical recording. 

25 

Fig. 14 is a pictorial representation of some of the applications of the electronic scent 
concept of the present invention. 

30 The process and system of the present inv^tion has been described above in terms of 

functional modules in block diagram format. It is understood that unless otherwise stated to 

the contrary herein, one or more functions may be integrated in a single physical device or a 

software module in a software product, or a function may be implemented in separate physical 

devices or software modules, without departing &om the scope and spirit of the present 
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invention. For example, referring to Fig. 1 , the recording subsystem 12 or components thereof 
may be embodied in a personal computer, and the emission subsystem 40 may be embodied in 
a television console or a standalone scent player, or both the recording and emission 
subsystems may be integrated in a single device. Other variations may be possible depending 
5 on the specific application. 

The folloAving examples are provided to illustrate the invention, and should not be 
construed as limiting the invention in any manner. 

10 Example 1 

User-Directed Scmt Creation and Customization 

The invention provides users with the ability to custom-tailor scents. This is done by 
presenting the user with a series of components, -vMdi can be mixed and matched at the user' s 

15' direction, and then sampled by emitting the combination of components sfpedfied by the user. 
Table 1 shows a list ofodoraiits^iich can be loaded in tiie scent emitting urn Theuseris 
presented with a computer menu (such as a Web page display) which provides a categorization 
of odorants or scent chemicals, either by the full (chemical) name of the scent; by one or more 
of the flavors (odors) associated with that scent; by keywords (woody, citrus, etc.) associated 

20 with the scent; by category (e.g., fruits, flowers, perfumes); by preferred application of the 
scent (e.g., detergent, aftershave, food additive); by any other characteristic of the odorant; or 
by any combination of tiiose terms. The preferred arrangements are to provide the flavor or 
flavors associated with the odorant or the keyword associated with the scent, with the option 
of viewing the corresponding chemical name and other properties if desired. The computer 

25 menu allows selection of the intensity of the scait; this can be done in terms of relative scent 
uitensity versus a standard odorant (see Example 2), by absolute concentration of the scent 
(e.g., in parts per million), or on an arbitrary scale. The user selects particular components to 
blend. This could be implemented on a Web page by, for example^ selecting a check box to 
indicate the presence of that component in the mixture. Upon selection of a component, the 

30 user is then prompted to enter the intensity of that component This can be implemented on a 

Web page by, for example, using a sliding control or entering a numerical value (between 

specified limits) or choosing a radio button corresponding to an intensity in order to indicate 

the intensity of the selected component Adefaultintensity can be provided if desired. This 

procedure provides the user with a ''scent palette,"* that is, a scent mixing interface which can 
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be manipulated to create new scents, analogous to the creation of new colors with a color 
palette. In tiie terms of the embodiment of a scent object previously described, the user is 
editing the Palette Vector of the scent object. 

When all desired components have been selected and their intensities entered, the user 
5 indicates that the mixture is to be emitted by the scent emitting unit This can be implemented 
on a Web page by simply having an 'TBMIT' button or a "SMELL" button. The computer 
sends information regarding the components and intensities chosen to the scent emitting unit 
The scent emitting unit then mixes the selected odorants in the specified intensities and emits 
the mixture. The user can then smell the mixture, and decide whether particular odorants 

10 should be added or deleted, or if odorant intensities should be adjusted Thus, for example, a 
user trying to create a custom chocolate scent can select the flavor "^cocoa** (represented by, 
e.g., 2, S-dimethylpyrazine) which has in an arbitrary concentration of ""5." Upon sampling 
the emitted odor, the user may decide to blend a '"hazelnut" scent (represented by, e.g., 5- 
methyl-2-hepten-4-one) the "cocoa** scent, at an arbitrary concentration of "3.** The user 

1 S proceeds in fliis fashion, adding odorants, adjusting their intensities, and sampling the results, 
until the desired combination is arrived at A scent object is then generated which corresponds 
to the desired combination. 

Ahemattvely, instead of starting the scent design de novo, tfie user can select a pr^ 
niixedscent, which fliey can then proceed to customize. The user can be presented with a list 

20 of scents, and can select a scent to customize. This can be implemented on a Web page using 
a drop-down menu. For example, a ch^cal recipe used to simulate the scent ''cinnamon'' is 

Ciimamon Flavor (1) 

alpha-PmeneO.2% » 
25 1,8-Cineole 1.65% 

p-Cymene 0.55% 

Linalool 2.3% 

Caryophyllene 1.35% 

alpha-Humulene 0.2% 
30 alpha-Terpineol 0.4% 

Cummaldehyde 0.25% 

Cumamaidehyde 74% 

Cinnamyl acetate 5.1% 

Eugenol 8.8% 
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Benzyl benzoate 1.0% 
Camphor 2.1% 
Acetoeugenol 2. 1 % 

■ .V 

5 Upon selecting the Cinnamon Flavor (1) from the menu of pre-mixed scents, the 

"recipe" comprising the chemical odorant components of the scent will be presented to the 
user. The user can de-select an odorant, add odorants not originally present in the mixture, or 
adjust the intensity of one or more odorants. The user can sample the scent at each step until a 
desired scent is arrived at In some instances, the user may simply sample the initial scent, and 

10 tfara select tibe initial scent recipe as the desired scent recipe; the appropriate scent object can 
be generated from the scent recipe at that point, or can be previously stored. The ^Yecipe" for 
the scent can also be presented to the user in descriptive terms, by presenting a list of odorant 
descriptors for each chemical components, or selected chemical conqponents, instead of or in 
addition to the chemical names of the odorant conq>onents; for example, the Cinnamon Flavor 

IS (1) recipe above may list "spicy/clove-like'' in place of eugenoU and have a numerical rating 
(on a scale of 1 to 10, or 1 to 100) or a descriptive rating (e.g., 

overpowering/strong/modeiate/weakArecy weak). The user could then adjust the numerical or 
descriptive rating to enhance or attienuate that component of tiie scent 

Once the desired combination is arrived at, the user can store tiie scent obj ect 

20 corresponding to the custom scent in memory, for ^cample, as part of a scent database. The 
custom scent can also be communicated or transmitted, for example, by email or by placing a 
scent link on a Web site, so that a remote user can sample the scent The user can 
communicate or transmit the scent to another party, such as a commercial vendor, which can 
then blend the custom scent into products of the user's choice. For example, the user may 

25 wish to have a scent blended into a shampoo, a so^, candles, or an air freshener, or imprinted 
on stationery or postcards. Alternatively, the scent can be supplied in a vehicle suitable for 
^plication to the skin, in order to create a customized perfume created according to &e user* s 
specficadon. 

Pre-mixed recipes can also be used for ^scent polling.'" A scent, or a variety of scents, 

30 are presented as standard recipes (the ability to alter the combinations typically is not provided 

in descent polling application). The user can sample each prraiixed scent ushig the scent 

emitter, and rank or * Vote** for each scent in order of preference, or by assigning a 

desirable/undesirable value to the scent (e.g., on a scale of -10 for undesirable to +10 for 

desirable), or by other rating systems. This information can then be communicated or 
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transmitted to another party, such as a consumer products vendor. The vendor can analyze the 
results of the scent polling to determine vMch scents would be most appropriate to mix into 
various products. For example, a Web page can be entitled *'How would you like your ^ 
shampoo to smell?** with various scent recipes available to sample. Users could vote on each 
5 scent, and the vendor could then use the information accordingly in formulation of their 
products in order to enhance the likelihood of commercial success. 
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Other scent recipes ^ch can be edited on-line include the following: 
Cheese Flavor (I): 

Acetic acid 3.14%; Propanoic acid 4.74%; Hexanoic acid 0.34%; Decanoic acid 2.04%; 
Pyrrolidine 0.07%; Butyric acid 1.35%; Palmitic acid 0.36%; Methyl sulfide 0.15%; Diacetyl 
2.41%; Ethyl vanillin 10.15%; Lactic acid 1.01%; 2,4-Decadienal 1.41%; Acetoin 0.74%; 
Propylene glycol 72.09%; 
Cheese Flavor (n): 

Butyl butyryl lactate 2 oz; Isovaleric add 2 oz; Ethyl butyiate 2 oz; Hexanoic acid 1 oz; 
Methyl n-Amyl ketone 1 oz; Alcohol (95%) 16 oz; Propyleneglycol 102 oz; 
Coconut Flavor (I): 

Nonalactone 3%; Aldehyde C-1 82%; Vanillin 1.5%; Msitol 1%; Piperona 10.2%; Laurie add 
0.2%; Cyclotene 0.2%; Ethyl Alcohol 45%; Propylene glycol 46.9%; 
Coconut Flavor (U): 

Vanillin 6%; Ethyl vanillin 6%; Alcohol (95%) 48.25%; 1-Octanol 0.75%; Hexyl alcohol 3%; 
Ethyl oenanlhale 3%; Aldehyde C-18 33%; 
Ciniiamon Flavor (£): 

alpha-Pinene 0.2%; 1,8-Cineole 1.65%; p-Cymene 0.55%; Linalool 2.3%; Caryophyllene 
1.35%; alpharHumulene 0.2%; alpha-Teipineol 0.4%; Cuminaldehyde 0.25%; 
Cinnamaldehyde 74%; Cinnamyl acetate 5.1%; Eugenol 8.8%; Benzyl benzoate 1.0%; 
Camphor 2.1%; Acetoeugenol 2.1%; 
Cinnamon Flavor (II): 

1,8-Cmeole 4.7%; Cuinamaldehyde 62.3%; Linalool 6.3%; Benzaldehyde 1.9%; alpha- 
Teipineol 1.6%; beta-Caryophyllene 2.8%; Cinnamyl acetate 7.8%; Eugenol 6.3%; Cinnamon 
bark oil 6.3%; 
Jasmin Base (I): 

Benzyl acetate 65%; Benzyl propionate 5.0%; Benzyl butyrate 2.0%; Linalool 6.0%; Linalyl 
acetate 2.0%; Hydroxycitronellal 6.0%; Phenethyl alcohol 7.0%; p-Cresyl phenylacetate 0.5%; 
Isoamyl valerate 0.3%; Ethyl anisate 0.3%; Eugenol 0.2%; Bitter orange oil 02%; Amyl 
dnnamic aldehyde 5.5%; 
and Jasmin Base (11): 

Ben^l alcohol 1 1%; Linalyl acetate ex bois de rose 1 1%; Benzyl acetate 19%; Benzyl 
benroate 6%; Ethyl phthalate 3%; Jasmin diassis absolute, ex benzene 6%; Laurine 10%; 
Phraethyl alcohol 8%; Linalool 9%; Bergamot oil, sesquiterpeneless 4%; Peru balsam 5%; 
Ylang-ylang oil 3%; Benzyl salicylate 5%. 

68 



SUBSTITUTE SHEET (RULE 26) 



wo 01/007093 



PCTAISOO/20029 



Example 2 

Describing Odors in Tmns of Perceptive Primary, Quasi-Primary, and Complex Scent 

Components 

Reference is made herein to the publication designated E544-99 by the American 
Society for Testing and Materials (Annual Book of ASTM Standards, available from ASTM, 
100 Bair Harbor Dr., West Conshohocl^n, Pennsylvania, USA) entitled "Standard Practices 
for Referencing Suprathreshold Odor Intensity^ (1999), referred to as ASTM E544-99; this 
publication is hereby incorporated by reference hereia in its entirety. Other ASTM 
publications of relevance to scent detection include ASTM E1S93-94 and ASTM E679-91; 
those publications are hereby incorporated by reference herdn in their entirety. The procedure 
outlined in ASTM ES44-99 is a method to reference the intensity of an odor in the 
siqiralhieshold region. Theprocedurerelatestheintensity of the odor to the odor intensity of a 
knowD concentration ofn-butanol (the reference odor). This can be used to establish a scale of 
odor intensities relative to the single reference odor. 

The scale thus generated provides the magnitude of a perceptive primary scent 
component, perceptive quasi-primary scent component, or perceptive complex scent 
component. While the odor of n-butanol is non-linear witii concentration, and the odor of an 
arbitrary odor is also likely to be non-linear with concentration, generating relative scales of 
odor intensities allows linear measures of subjective odor intensities to be mapped to the 
actual concentrations. That is, ifa given concentration ofodorXisjudged to be equal in 
intensity to 1000 ppm of n-butanol, vA^e a given concentration of odor Y is judged to be 
equal in intensity to 200 ppm of n-butanol, the perceived odor intensity ratio is given by X/Y = 
(1000/200)*^*^ = 2.9, as it is know that on average, the odor mtensity of n-butanol changes in 
proportion to its concoitration in air raised to the 0.66 power. Thus, the magnitude of odor 
intensity at tiiose two concentrations is 2.9. Measurement ofthe odor intensity is performed at 
a wide range of concentrations of odors X and Y, typically, at the concentrations which will be 
used in practice. This establishes the relative intensities at tiie concentrations of interest, and 
allows combmation and blending of the appropriate amount of odorant in order to re-create a 
scent or component of scent as desired. 

To impleoQient the method, a panel of tGsx subjects is selected according to ASTM 

ES44-99 Section S.S. A selection of odorant molecules is selected which provides a range of 
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sensory stimulation; see, e.g. Table 1, Example 1. The subjects tate tbe odorants according to 
intensity versus n-butanoL Equipment and protocols for this procedure are described in 
ASTME544-99- 

Once the intensity of the various odorants has been established, the intensity scale can 
be used in a variety of applications. One such application is in the creation of custom scents in 
Example 1 where the intensity scale can be used to calibrate the amoimt of each odorant to be 
emitted. That is, the known concentrations of a scent on the intensity scale-e.g., the weakest 
and strongest concentrations— can be used as, for example, the endpoints on the adjustable 
scale specified by the usor. The absolute amount of each odorant to be added will be heavily 
odorant-dependent, and by using the intensity scale, users can be prevented fiom entering, e.g., 
1200 ppm for an odorant which is overpowering at 100 ppm, or entering SO ppm for an 
odorant which can barely be sensed at 500 ppm. 

The intensity scale can also be used to generate descriptions of unknown scents in 
teams of perceptive primary, quasi-piimaiy, and complex scent components. An unknown 
scent can be provided to the scent panel, vMch compares the unknown with each of the 
odorants ^^ch have been previously ranked in intensity versus n-butanoL The panel then 
rates the unknown sceiit versus each odorant in teinis of sunil^^ Thus, for example, a panel 
member, presented with the sanq)le scent of hot chocolate, will rank a "^chocolate" odorant 
(e.g., tetrametfaylpyrazine)as more similar flian an Verbal" odorant (e.g., 2,4-dimediyI-3- 
cyclohexene-l-caiboxaldehyde). (See Table 1, Example 1). For each odorant, then, an 
intensity level is generated in companson to the unknown scesat In the illustration using only 
two odorants, "chocolate" and ^^bai," as the perceptive primary scent components, the 
resulting vector for the ordered set (chocolate, herbal), would appoax as (1 , 0). Most 
appUcations will utilize many more odorants, with correspondingly larger vectors representing 
the scents. 

This method can also be used without first ranking the odorants versus n-butanol, 
although relative scent intensities of the odorants with respect to each other must then be 
detemiined at the same time as the relative intensities of the odorants with respect to the 
unknown sample scent. 

The method described provides a means of generating a description of a scent in terms 

of a set of odorants. In terms of tiie embodiment of a scent object described previously, a 

Hedonic Vector is generated^ where tiie reference set of the Hedonic Vector is the set of 

odorants against which the sample scent is compared. The method also provides a means of 

gmerating the scent from the set of odorants used for comparison. Again in terms of the 
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previously described embodiment of a scent object, a Palette Vector is generated, wheie the 
chemicals used in the reference set are substituted for each descriptive category used to 
describe the scent 

Example 3 

Computer Simulations of Odor Similarity 
The methodology used herein is described in A. N. Jain. Morpbological Similarity: A 
3D Molecular Similarity Method Correlated with Protein-Ligand Recognition. Journal of 
Conputer-Aided Molecular Design, 14: 199-213, 2000; this publication is hereby incorporated 
by reference herein in its entirety. 

Computer simulations were performed in order to demonstrate that morphological 
comparisons can be used to compare molecular structures of odorants, and tiiat molecular 
stnictures with sixnilar morphology display siiinlar odor characteri^ Essentially, 
computer-generated comparisions of of odorant molecules, by using Euclidean distance 
calculations between vectors corressponding to reference set similarity calculations, provides a 
means of categorizing molecules of known structure, but unknown scent 

Eleven odor categories were designated. These were, in alphabetical order: 

banana 

citrus 

floral 

herbaceous 

meaty 

medicinal 

minty 

oily 

onion 

rosy 

vegetable 
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In eadi categoty, six distinct diemical structures taken fix>m various flavor/odor 
databases were chosen. Each chemical stnicture was acconipanied by data showing the 
category label to be the "primary" odor. 

3-D molecular models of these chemical structures were obtained using the MM2 force 
field with a commercial molecular modelling application. Molecular Modeling Pro v3.24, 
from ChemSW Inc. (Fairfield, CA). DefEiult settings were used. The resulting energy 
rainimized models were compared for "morphological similarity" with SurFlex-Sim vl .0 fix)m 
BioPharmics (San Mateo, CA), a 3-D chemical conformational shape comparison program. 
Default settings were used in this program as well. 

Next, the morphological similarity values (or ^distances") were compared in two ways: 
'^like*' odors (those within a odor category) were contrasted with '\mlike'' odors (those firom 
different odor categories). The distance value used was Euclidean distance calculation among 
vectors of the respective sets. 

The two sets of values were collected m separate histograms and a gaussian curve- 
smoothing function was applied to the histograms to obtain the different peaks seen in Figs 15- 
24. 

Protocol for simulation 

Database entry flavor descriptors (FD) were correlated with (reference set) vector data 
fiom a "vdiole database" perspective. T&ese correlations were performed in order to determine 
flie patterns generated by comparing entries "like" a given entry with respect to flavor 
descriptors "unlike" a given entry. That is, pairwise comparisons of FDs within a class were 
performed, as well as pairwise comparisons ofFDs across classes. Each computational run ' 
used a large subset of the database Euclidean distance calculations in order to obtain on the 
order of 2000 pairwise Euclidean comparisons, which were then graphed. (See Figures 15- 
24.) 

Each computational run used a standard sized set of randomly chosen flavor-database 
entries which met the four criteria as outlined below: 

1 . Entries rich in flavor descriptors (FDs) were chosen at random fix)m the database, 
meaning that all possessed at least six FDs. These entry shall be referred to as the SEgI>s 
below. 

2. Further DB entries wore chosen vdiich had above a threshold number of Uke entries 

to the SEEDS as defined in 3) below. In addition, for each SEED, the ratio of entries "lil^ 
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SEED** to those "unlike SEED" had to be above another threshold, to elmunate as loany 
potential "outliers" fiom the survey as possible. 

3. Entries were judged to be "like" the SEED when entry A was compared with 
SEED, entry A shared at least half of SEED'S FD's. The reverse comparison of SEED to A 
was ignored. 

4. Entries were judged "unlike" only if A did not share any of SEED'S flavor 
descriptors at all. Again, the reverse comparison of SEED to A was ignored. 

Lists of entries "like" and "unlike" each SEED were compared to within lists. Four 
different sets of vectors were used to calculate the Euclidean distance within each group: 

a. The origmal 20-component vector set, which was "most orthogonal" within a small 
subset of the database. 

b. A second 20-component vector set, derived by choosing a "20 most orthogonal" set 
from entire database. 

c. A third 12-componeiit vector set, coniprised of structures that have a "strong smell", 
chosen from the set of "128 most orthogonal" in the mtire database. 

d. A vector set made by combining set b) and set c). 

All the vector sets generated in the computational section were found to be effective to 
some degree in separatmg '^e'' fiom "^mlike.'' Set b) (see Figs. 17 and 1 8) appeared most 
effective. Less effective was set a) [See Figs 1&2], with somewhat better separation seen with 
sets b) and c). No substantial improvement was seen by lengthening the vectors in set d). 
(See Figures 21 and 22). Indeed, vector sets made of shorter vectors (set c), 12 components) 
were almost as effective at separating "like" from "unlike" as long vectors. 

The vector set with the most effectiveness, set b) (Figs. 17 and 18) contains a number 
of "odorless" molecules. By including "smellier" molecules as vector components, it is 
possible diat a greater sq^aration of smells can be achieved Figs. 21 and 22 exempliiy one 
attempt at this q)proach, although separation is not ^reciably greater in those simulations. 

In order to take into account the effect of which particular entries are run (in what 
order), several runs using each vector set were attempted. Except for minor variations in 
histogram modalities (see Figures 23 and 24), gross gr^h characteristics stayed relatively 
constant 

The applications of this morphological similarity analysis are myriad. Given that 

chemical analysis of gaseous mixtures can often be automated, an unknown sample scent can 
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be subjected to chemical analysis by, for example, GC/MS analysis, to identify each chemical 
component of iho sample scent Re-cieation of the sample scent would then be possible by re- 
combining each of the component molecules in their appropriate concentrations. In practice, 
however, the scent emitter module will have a limited set of odorants to use for scent re- 
creation. A morphological comparison of the molecules identified in the sample scent versus 
each of the available odorants can determine which odorant or odorants available in the 
emitter module are most similar to each component of the sample scent These odorants can 
then be combined to provide a simulation of the sample scent In terms of the embodiment of 
the scent object previously described^ this method generates a Structural Vector component of 
the scent object If desired, the user can use the method outlined in Example 1 to refine and 
adjust the scent as desired. 

It is appreciated that detailed discussion of the actual implementation of each module is 
not necessary for an enabling understanding of the invention. Hie actual implementation is 
well within the routine skill of a jHOgramm^ and system engineer, given the disclosure herein 
of the system attributes, functionality and inter-relationship of the various functional modules 
inthesysteuL A person sIdUed in the art, supplying ordinary skiU can prac^ 
invention without undue experimentation. 

All references, including patents, patent publications, patent applications, scientific 
articles and references, technical articles and refo^ces, and all other publications mentioned 
herein, are hereby incorporated by reference herein in their entirety. 

While the invention has been described with respect to the described embodiments in 
accordance therewith, it will be apparent to tiiose skilled in the art that various modifications 
and improvements may be made without departing fiom the scope and spirit of the invention. 
Accordingly, it is to be understood tiiat the invention is not to be limited by the specific 
illustrated embodiments, but only by the scope of the appended claims. 
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APPENDIX A 



// Implementation of: public class ChemSimilartyValue 
#include "ChemSimilartyValue. h" 

// 

ChemSimilartyValue : : ChemSimilartyValue ( ) 

{ 

} 

// 

ChemSimilartyValue: : ChemSimilartyValue (const ChemSimilartyValuefi) 

{ 

} 

// 

ChemSimi lartyValue : ; ~ChemSiTnilartyValue () 

{ 

) 

// 

ChemSimilartyValueK ChemSimilartyValue: : operator = (const 

ChemSimilartyValue &arg) 

{ 

return "''this; 

} 
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#ifndef _CheinSiinilartyValue_H_ 
#def ine _ChemSiinilartyValue_H_ 

#define exception class 

// public class: ChemSimilartyValue 

class ChemSimilartyValue { 

public: 

ChemSimilartyValue ( ) ; 

ChemSimilartyValue (const ChemSimilartyValue&) ; 
virtual --ChemSimilartyValue ( ) ; 

ChemSimilartyValue^ operator = (const ChemSimilartyValue &arg); 

// Attribute Get/Set Methods: 

const integers GetRefCompoundID () const 
Ref ConqpoundlD; } 

void SetRefCompoundID (const integer &val) 

val;) 

// Attributes: 
private : 

integer RefCompoundlD; 

double Similar ityScore; 

}; 

#endif 



(return 

(RefCompoundlD « 
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public class ChemSimilartyValue { 

public ChemSimilartyValue () { 
} 

protected void finalize () { 
} 

// Attribute Get/Set Methods: 

public integer GetRefCompoundID () {return Ref CompoundID; ) 
public void Set Ref CompoundID (integer val) {Ref CompoundID » 

val;} 

// Attributes: 

private integer RefCompoundID; 
private double SimilarityScore; 

) 
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// Implementation of: public class Compound 

#include "Compound. h" 

// 

Compound : : Compound { } 



// 

Compound: : Compound (const Compound&) 



// 

Compound : : -Compound ( ) 



// 

Compound& Compound: : operator « (const Compound &arg} 

return *this; 
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tifndef _Compound_H_ 
#define _Conqpound_H_ 

#define exception class 
tinclude "StructuralVector.h" 
tinclude "PolymerReactivityVector . h" 
#include "Receptors or eeningVector . h" 
#include "ReceptorDockingVector . 
♦include "StructuralVector.h" 



// public class: Compound 
class Compound { 
public: 

Compoiind ( ) ; 

Compound (const Compounds); 
virtual -Con5X)und {); 

Compounds operator = (const Compound &arg) ; 



{return CompoundID;) 
{Compo\andID = val; } 
{return CommonName;} 
{ CommonName = val ; } 
{return Structure; } 
{Structure = val;} 
{return Smiles;} 



{Vapor Pressure 



// Attribute Get /Set Methods: 

const integers GetCompoundID () const 

void SetCompoundID (const integer &val) 

const Strings GetComroonName- () const 

void SetCommonName (const String sval) 

const String []& GetStnicture () const 

void SetStructure (const String [] Sval) 

const Strings GetSmiles () const 

void SetSmiles (const String sval) {Smiles = val;} 

const doubles Get Vapor Pressure () const {return 
Vapor Pressure; } 

void Set Vapor Pressure (const double Sval) 

val; ) 

const doubles Get Vapor Temperature () const 
VaporTemperature ; } 

void SetVaporTemperature (const double Sval) 
val/} 

const doubles GetFlashPoint () const {return FlashPoint;} 
void Set FlashPoint (const double sval) {FlashPoint == val;} 
const doubles GetViscocityRating () const {return 
ViscocityRating; } 

void SetViscocityRating (const double Sval) 

val;} 

const doubles GetOxidationRating () const 
OxidationRating; } 

void Set OxidationRating (const double Sval) 
val;} 

const doubles GetSolubility () const {return Solubility;} 
void Set Solubility (const double Sval) {Solubility = val;} 



( return 



{VaporTemperature = 



{ Vi s cocit yRat ing 



{return 



{ OxidationRating 



// Attributes: 
private : 



integer 


CompoundID; 


String 


CommonName; 


String!] 


Structure; 


String 


Smiles; 


double 


VaporPressure ; 


double 


VaporTemperature ; 


double 


FlashPoint; 


double 


ViscocityRating ; 


double 


OxidationRating ; 
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double Solubility; 

// Relationships: 
public: 

PolymerReactivityVector *unnamed; 
ReceptorScreeningVector *unnamed; 
ReceptorDockingVector *unnamed; 

}; 

tendif 
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public class Compound { 

public Compound () { 
) 

protected void finalize () { 
} 

// Attribute Get/Set Methods: 

public integer GetCompoundID () {return CompoundID; } 

public void SetCon^undlD (integer val) {CompoundID = val;) 
pviblic String GetCommonName () {return CommonName; } 

public void Set CommonName (String val) {CommonName = val;} 
public String [] Get Structure () {return Structure;} 

public void SetStructure (String [] val) {Structure = val;} 
public String GetSmiles () {return Smiles;} 
public void SetSmiles (String val) {Smiles = val;) 
public double Get Vapor Pressure () {return VaporPressure; } 
public void SetVaporPressure (double val) {VaporPressure = val;} 
public double GetVaporTeraperature () {return VaporTemperature; } 

public void SetVaporTeznperature (double val) {VaporTen^erature = 

val;} 

public double GetFlashPoint () {return FlashPoint; } 

public void SetFlashPoint (double val) {FlashPoint val;} 
public double GetViscocityRating () {return ViscocityRating; } 
public void SetViscocityRating (double val) {ViscocityRating 

val;} 

public double GetOxidationRating () {return OxidationRating; ) 
pviblic void SetOxidationRa ting (double val) {OxidationRating = 

val; } 

public double GetSolubility () {return Solubility;} 

p\ablic void SetSolubility (double val) {Solubility = val;} 

// Attributes: 

private integer CompoundID; 
private String CommonName; 
private String [] Structure; 
private String Smiles ~ String; 
private double VaporPressure; 
private double VaporTemperature; 
private double Flashpoint; 
private double ViscocityRating; 
private double OxidationRating; 
private double Solubility; 

// Relationships: 

public PolymerReactivityVector unnamed; 
public ReceptorScreeningVector unnamed; 
public ReceptorDockingVector unnamed; 



81 



SUBSTITUTE SHEET (RULE 26) 



wo 01/007093 PCT/USOO/20029 

// Implementation of: public class HedonicValue 
♦include "HedonicValue. h" 

// 

HedonicValue : : HedonicValue ( ) 

// 

HedonicValue: : HedonicValue (const HedonicValue &) 



// 

HedonicValue : : '^HedonicValue ( } 



// 

HedonicValue& HedonicValue :: operator = (const HedonicValue fiarg) 

return *this; 
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#ifndef _HedonicValue__H_ 
♦define _HedonicValue_H_ 

#define exception class 

// public class: HedonicValue 

class HedonicValue { 

piiblic: 

HedonicValue (); 

HedonicValue (const HedonicValueS) ; 
virtual -HedonicValue { ) ; 

HedonicValue& operator « (const HedonicValue &arg) ; 

// Attribute Get /Set Methods: 

// Attributes: 
private: 

int eger Ref HedonicCat agor y I D ; 
double fiedonicScore ; 

}; 

ttendif 
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public class HedonicValue { 

public HedonicValue () { 
} 

protected void finalize {) { 
} 

// Attribute Get /Set Methods: 

// Attributes: 

private integer RefHedonicCatagorylD; 
private double HedonicScore; 

) 
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// Implementation of: piiblic class HedonicVector 
^include "HedonicVector. h" 

// ^ 1 

HedonicVector : : HedonicVector | ) 

// 

HedonicVector: : HedonicVector (const HedonicVector^) 



// 

HedonicVector : : -HedonicVector { ) 



// 

HedonicVector& HedonicVector :: operator « (const HedonicVector &arg) 

return *this; 
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fifndef _HedonicVector_H_ 
♦define _HedonicVector_H_ 

fdefine exception class 
♦include "Hedonic Value. h" 

// public class: HedonicVector 
class HedonicVector { 
public: 

HedonicVector () ; 

HedonicVector (const HedonicVectorfi) ; 

virtual --HedonicVector {); 

HedonicVector^ operator = (const HedonicVector &arg) ; 

// Attribute Get /Set Methods: 

// Attributes: 
private : 

integer ReferenceSetID; 

boolean Preferred; 

// Relationships: 
public: 

HedonicValue "^unnamed; 

); 

#endif 
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p\ablic class HedonicVector { 

public HedonicVector () { 
} 

protected void finalize () { 
) 

// Attribute Get/Set Methods: 

// Attributes: 

private integer ReferenceSetID; 
private boolean Preferred; 

// Relationships: 

public HedonicValue unnamed; 

} 
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// Implementation of: public class PaletteValue 
#include " PaletteValue . h" 

// 

PaletteValue : : PaletteValue { ) 

// 

PaletteValue :: PaletteValue (const PaletteValue&) 



// 

PaletteValue : : -PaletteValue { ) 



// 

PaletteValue& PaletteValue :: operator = (const PaletteValue &arg) 

return *this; 
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#ifndef _PaletteValue_H_ 
tdefine _PaletteValue_H__ 

.idefine exception class 
// public class: PaletteValue 
class PaletteValue { 
public : 

PaletteValue {); 

PaletteValue (const PaletteValueS) ; 
virtual --PaletteValue (); 

PaletteValue& operator = (const PaletteValue &arg) ; 

// Attribute Get/Set Methods: 

// Attributes: 
private: 

integer RefWelllD; 

double Quantity; 

}; 

#endif 
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publip class PaletteValue { 

public PaletteValue () { 
} 

protected void finalize () { 
1 

// Attribute Get/Set Methods: 

// Attributes: 

private integer RefWelllD; 
private double Quantity; 

} 
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// Implementation of: public class PaletteVector 
#include "PaletteVector .h" 

// ^ 

PaletteVector : : PaletteVector ( ) 

// 

PaletteVector : : PaletteVector ( const PaletteVector & ) 



// 

PaletteVector : : -PaletteVector ( ) 



// 

PaletteVector & PaletteVector: : operator (const PaletteVector &arg) 

return *this; 
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#ifndef _PaletteVector_H_ 
#def ine _PaletteVector_H_ 

#define exception class 
#include "PaletteValue.h" 

// public class: PaletteVector 
class PaletteVector { 
public: 

PaletteVector ( ) ; 

PaletteVector (const PaletteVector&) ; 

virtual -PaletteVector (); 

PaletteVector & operator = (const PaletteVector &arg) ; 

// Attribute Get/Set Methods: 

// Attributes: 
private: 

integer ReferenceSetID; 

boolean Preferred; 

// Relationships: 
public: 

Pale 1 1 eValue * unnamed ; 

); 

#endif 
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public class PaletteVector { 

piiblic PaletteVector () { 
} 

protected void finalize () { 
} 

// Attribute Get/Set Methods: 

// Attributes: 

private integer ReferenceSetXD; 
private boolean Preferred; 

// Relationships: 

public PaletteValue unnamed; 

) 
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// Inqplementation of: public class PolymerReactlvityValue 

# include " PolymerReact i vit yValue . h " 

// 

PolymerReactlvityValue : : PolymerReactlvityValue ( ) 

{ 

} 

// 

PolymerReactivityValue :: PolymerReactlvityValue (const 

PolymerReactivityValuei ) 

{ 

} 

// 

PolymerReactivityValue : : -PolymerReactivityValue { ) 

{ 

> 

// 

PolymerReactivityValueS PolymerReactivityValue: : operator = (const 

PolymerReactivityValue Karg) 

{ 

return *this; 

} 
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Sifndef _PolyinerReactivityValue_H_ 
♦define _Polymer React ivityValue__H_ 

tdefine exception class 

// public class: PolymerReactivityValue 

class PolymerReactivityValue { 

public: 

PolymerReactivityValue { ) ; 

PolymerReactivityValue (const PolymerReactivityValue&) ; 
virtual -PolymerReactivityValue (); 

PolymerReactivityValue& operator » (const PolymerReactivityValue 

&arg) ; 

// Attribute Get/Set Methods: 

const integers GetRef Polymeria () const {return 
Ref PolymerlD; } 

void Set Ref Polymer ID (const integer &val) {Ref PolymerlD - val; } 

// Attributes: 
private : 

integer Ref PolymerlD; 

double React ivity Score ; 

}; 

#endif 
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public class PolymerReactivityValue { 

public PolymerReactivityValue () { 
} 

protected void finalize () { 

// Attribute Get /Set Methods: 

public integer GetRef PolymerlD {) {return Ref Polymer ID; } 
public void SetRef Polymer ID (integer val) {RefPolymerlD = val;} 

// Attributes: 

private integer RefPolymerlD; 
private double React ivityScore; 

) 
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// In^lementation of: public class PolymerReactivityVector 
tinclude "PolymerReactivityVector . h" 

// 

PolymerReactivityVector : : PolymerReactivityVector ( ) 

{ 
) 

// 

PolymerReactivityVector: : PolymerReactivityVector (const 

PolymerReactivityVector & ) 

{ 

} . 

// 

PolymerReactivityVector : : ~PolymerReactivityVector ( ) 

{ 

} 

// 

PolymerReactivityVectorS PolymerReactivityVector: : operator = (const 

PolymerReactivityVector Sarg) 

{ 

return *this; 

} 
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#ifndef _PolynierReactivityVector_H_ 
#define _PolymerReactivityVector_H_ 

tdefine exception class 

#include "PolymerReactivityValue , h" 

// public class: PolymerReactivityVector 
class PolymerReactivityVector { 
public : 

PolymerReactivityVector ( ) ; 

PolymerReactivityVector (const PolymerReactivityVector fi) ; 
virtual -PolymerReactivityVector (); 

PolymerReactivityVector^ operator = (const PolymerReactivityVector 

&arg) ; 

// Attribute Get/Set Methods; 

// Attributes: 
private : 

ReferenceSetID; 
Preferred; 

// Relationships: 
public : 

PolymerReactivityValue *unnamed; 

); 

#endif 
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public class PolymerReactivityVector { 

public PolymerReactivityVector () { 
) 

protected void finalize {) { 
} 

// Attribute Get/Set Methods: 

// Attributes: 

private Refer enceSet I D ; 
private Preferred; 

// Relationships: 

public PolymerReactivityValue unnamed; 

} 
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// Implementation of: public class ReceptorScreeningValue 
#include "ReceptorScreeningValue . h" 

// 

ReceptorScreeningValue: : ReceptorScreeningValue () 

{ 

) 

// 

ReceptorScreeningValue: : ReceptorScreeningValue (const 

ReceptorScreeningValuefi ) 

{ 

) 

// 

ReceptorScreeningValue : : ^ReceptorScreeningValue ( ) 

{ 

> 

// 

ReceptorScreeningValueS ReceptorScreeningValue :: operator = (const 

ReceptorScreeningValue Setrg) 

{ 

return *this; 

} 
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#ifndef _ReceptorScreeningValue_H_ 
Idefine _ReceptorScreeningValue_H_ 

#define exception class 

// p\ablic class: ReceptorScreeningValue 

class ReceptorScreeningValue { - 

public: 

ReceptorScreeningValue ( ) ; 

ReceptorScreeningValue {const ReceptorScreeningValuefi) ; 
virtual -ReceptorScreeningValue (); 

ReceptorScreeningValue & operator = (const ReceptorScreeningValue 

&arg) ; 

// Attribute Get /Set Methods: 

const integers GetRefReceptorlD () const (return 
Ref ReceptorlD; } 

void SetRef ReceptorlD (const integer &val) {Ref ReceptorlD » 

val; } 

// Attributes: 
private : 

integer Ref ReceptorlD; 

double Scr eeningScore ; 

}; 

#endif 
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public class ReceptorScreeningValue { 

public ReceptorSpreeningValue () { 
} 

protected void finalize () ( 
} 

// Attribute Get /Set Methods: 

public integer GetRefReceptorlD () {return Ref Receptor ID; ) 
public void SetRef Receptor ID (integer val) {Ref Receptor ID = 

val;} 

// Attributes: 

private integer RefReceptorlD; 
private double ScreeningScore; 

) 
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// Implementation of: public class ReceptorScreeningVector 
#inclu(ie "ReceptorScreeningVector . h" 

// 

ReceptorScreeningVector : : ReceptorScreeningVector { } 

{ 

} 

// 

ReceptorScreeningVector: : ReceptorScreeningVector (const 

ReceptorScreeningVector & ) 

{ 

> 

// 

ReceptorScreeningVector : : ~ReceptorScreeningVector ( ) 

{ 

) 

// _ 

ReceptorScreeningVectorS ReceptorScreeningVector: : operator = (const 

ReceptorScreeningVector &arg) 

{ 

return *this; 

} 
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#ifndef _ReceptorScreeningVector_H_ 
t define _ReceptorScreeningVector_H_ 

(define exception class 

(include "Recept orScreeningValue . h" 

// public class: ReceptorScreeningVector 
class ReceptorScreeningVector { 
piiblic: 

ReceptorScreeningVector ( ) ; 

ReceptorScreeningVector (const ReceptorScreeningVectorfi ) ; 
virtual --ReceptorScreeningVector ( ) ; 

ReceptorScreeningVector & operator = (const ReceptorScreeningVector 

&arg) ; 

// Attribute Get /Set Methods: 

// Attributes: 
private : 

integer ReferenceSetlD; 

boolean Preferred; 

// Relationships: 
public: 

ReceptorScreeningValue * unnamed/ 

}; 

#endif 
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public class ReceptorScreeningVector { 

public ReceptorScreeningVector () ( 
) 

protected void finalize {) { 
} 

// Attribute Get/Set Methods: 

// Attributes: 

private integer ReferenceSetID; 
private boolean Preferred; 

// Relationships: 

public ReceptorScreeningValue unnamed; 

} 
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// Implementation of: pviblic class RefDockingValue 
♦include "RefDockingValue. h" 

// 

RefDockingValue : : RefDockingValue ( ) 

// ~- 

RefDockingValue: : RefDockingValue (const RefDockingValue &) 



// 

RefDockingValue : : -RefDockingValue ( ) 



// 

RefDockingValue& RefDockingValue :: operator = (const RefDockingValue &arg) 

return *this; 
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#ifndef __Ref DockingValue_H_ 
^define _Ref DockingValue_H_ 

#define exception class 

// public class: Ref DockingValue 

class Ref DockingValue { 

public: 

Ref DockingValue ( ) ; 

Ref DockingValue (const Ref DockingValue&) ; 
virtual -Ref DockingValue (); 

RefDockingValue& operator « (const Ref DockingValue &arg) ; 

// Attribute Get/Set Methods: 

const integers GetRefReceptorlD () const {return 
RefReceptorlD; } 

void SetRefReceptorlD (const integer &val) {RefReceptorlD = 

val; } 

// Attributes: 
private : 

integer RefReceptorlD; 

double [ ] DockingScor e ; 

); 

#endif 
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public class Ref DockingValue { 

public Ref DockingValue () { 
} 

protected void finalize () { 
1 

// Attribute Get /Set Methods: 

public integer GetRef Receptor ID {) {return Ref Receptor ID; ) 
public void SetRefReceptorlD (integer val) {Ref Receptor ID « 

val; } 

// Attributes: 

private integer RefReceptorlD; 
private double [] DockingScore; 

} 
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// Implementation of: public class ReceptorDocicingVector 
linclude "ReceptorDockingVector . h" 

// 

ReceptorDockingVector: :ReceptorDocfcLngVector () 

{ 

} 

// 

ReceptorDockingVector: : ReceptorDockingVector (const ReceptorDockingVector s) 

{ 

) 

// 

ReceptorDockingVector : : -ReceptorDockingVector ( ) 

{ 

) 

// _ 

ReceptorDockingVectorfi ReceptorDockingVector: : operator = (const 

ReceptorDockingVector &arg) 

{ 

return *this; 

} 
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#ifndef _ReceptorDockingVector_H_ 
♦define _ReceptorDockingVector_H_ 

#define exception class 
#include "RefDockingValue.h" 

// public class: ReceptorDockingVector 
class ReceptorDockingVector { 
public; 

ReceptorDockingVector ( ) ; 

ReceptorDockingVector (const ReceptorDockingVectorfi ) ; 
virtual -ReceptorDockingVector ( ) ; 

ReceptorDoc)cingVector& operator « (const ReceptorDocJcingVector &arg} ; 

// Attribute Get/Set Methods: 

// Attributes: 
private : 

integer ReferenceSetID; 

boolean Preferred; 

// Relationships: 
public: 

RefDockingValue """unnamed; 

); 

#endif 



110 



SUBSTITUTE SHEET (RULE 26) 



wo 01/007093 PCTAJSOO/20029 

public class ReceptorDockingVector { 

public ReceptorDockingVector {) { 
} 

protected void finalize () { 
> 

// Attribute Get /Set Methods: 

// Attributes: 

private integer ReferenceSetID; 
private boolean Preferred; 

// Relationships: 

public RefDockingValue unnamed; 

) 



111 



SUBSTITUTE SHEET (RULE 26) 



wo 01/007093 PCT/USOO/20029 

// Implementation of: piablic class StructuralVector 
llnclude "StructuralVector. h" 

// 

StructuralVector: : StructuralVector () 

{ 

} 

// 

StructuralVector: ; StructuralVector (const StructuralVectorfi) 

( 

) 

// _ 

StructuralVector: : ~Structural Vector () 

{ 

} 

// _ 

StructuralVectorfi StructuralVector: : operator = (const StructviralVector 

&arg) 

( 

return *this; 

} 
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#ifndef _StructuralVector_H_ 
♦define ]^StructuralVector_H_ 

#define exception class 
tinclude "ChemSimilartyValue . h" 

// public class: Structural Vector 
class StructuralVector { 
public: 

StructuralVector (); 

StructuralVector (const StructuralVectorfi) ; 

virtual -StructuralVector ( ) ; 

StructuralVector& operator = (const StructuralVector &arg) ; 

// Attribute Get /Set Methods: 

// Attributes: 
private : 

integer ReferenceSetID; 

boolean Preferred; 

// Relationships: 
public : 

ChemSimilartyValue *unnamed; 

); 

#endif 
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public class Structural Vector { 

public StructuralVector () { 
) 

protected void finalize () { 
} 

// Attribute Get/Set Methods: 

// Attributes: 

private integer ReferenceSetID; 
private boolean Preferred; 

// Relationships: 

public ChemSimilartyValue unnamed; 

> 
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// Implementation of: public class Scent 

#include "Scent. h" 

// 

Scent:: Scent () 

// 

Scent:: Scent (const Scent &) 



// 

Scent : : --Scent ( ) 



// 

Scent& Scent :: operator - (const Scent &arg) 

return *this; 
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fifndef _Scent_H_ 
#define _Scent_H_ 

tdefine exception class 

#include "Compound. h" 

#include "PaletteVector .h" 

♦include "ReceptorScreeningVector . h" 

♦include "PolymerReactivityVector .h" 

♦include "HedonicVector.h" 

♦include "Compound. h" 

// public class: Scent 
class Scent { 
public : 

Scent ( ) ; 

Scent (const Scent &) ; 
virtual -Scent ( ) ; 

Scents operator = (const Scent &arg) ; 



//Attribute Get/Set Methods: 

const Stringfi GetName () const {return Name;) 
void SetName (const String &val) {Name = val;} 



// Attributes: 
private: 

String Name; 

integer ReminiscentsID; 

Vector AltenateNames; 

String Description; 
Sensory Index; 

// Relationships: 
public: 

PaletteVector *unnamed; 

ReceptorScreeningVector '''unnamed; 

PolymerReactivityVector * unnamed; 

HedonicVector *unnamed; 

); 

♦endif 
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public class Scent { 

public Scent () { 
} 

protected void finalize () { 
} 

// Attribute Get/Set Methods: 

public String GetName () {return Name;) 

public void SetName (String val) {Name - val;) 

// Attributes: 

private String Name; 
private integer Reminiscent sID; 
private Vector AltenateNames; 
private String Description; 
private Sensorylndex; 

// Relationships: 

p\iblic PaletteVector unnamed; 
public ReceptorScreeningVector unnamed; 
public PolymerReactivityVector unnamed; 
public HedonicVector unnamed; 

} 
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ScentWare"' SDK 

Version 1 .00 



\ 




To apply for th& ScentWare developers program, 
go to the OlglScents web ette and follow the developers link. 

http://www.dfgiscents.ooin 
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Quick Start for the ScentWare SDK 

1 ) Run the SDK installer. The installer will install two DLL's into the wlndows\system or 
winntV directory. The DLL's are ScentWareSDtCdli and iSmellOriverdll. They will be 
registered by the installer. 

2) Add CreateScentWareSOK.cpp to your project. Add the path to the ScentWareSOK 
header to your projects include paths. The path should be \ScentWareSDK\inciude if 
you did not change the installation directory. 

3) Add global variables and header file ScentWareSDK.h. 

// global variables 

IScentWareSDK * theScentWareSOK- ^ UOXJjj 
ssScent cinnttmon; 

4) Add the following code to your startup routine. 

A) If NOT usJng Colnjtlallze() and CoUninitialize() 
// create SDK 

if ( ( theSce&tWareSDK=CreateScentWtee ( ) ) «=NOLI*) 
{ 

// the ScentMareSDK DLEi is not properly installed, fail. 
) 

B) If Using ColnitiaIize/CoUniciitialiZ6() 

// ColnitializeO must be called prior to calling CoCreateScentWareQ 

// create SDK 

If ( (theSceatMareSOE&=CoCceateSceaCI«&a:e ( ) } ««aiQIiCi) 
{ 

// the SamtMaxoSDK is iio.t properly installed. 

// fail 

} 

5) Add the following code to your shutdown routine prior to the call to CoUnihitiaiize() 
if lt{$f)eingused. 
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6) Load a scent object from disk. Hie scent objects will be found in the 
ScentWareSDKVsoents directory- 

YourXiOa<l(&clxinaiiion«8lzeof (ssScenO) ; // use your file csyotesn or ooaet plckcx 

7) Make the following call in an appropriate place. 

TheScentW<areSOK->emlt:Sceiit(ciima]noa) ; 

8) If an (Smell or the emulator is connected to your computer, a scent will be emitted 
from the iSmell device or message will be given by the emulator. 



ScentWare Security 

Because ScentWare is being proliferated via the Internet, the data objects, 
ScentObjects™, have a built in security key. The SDK will not emit scents unless, the 
ScentObJect contain a valid key. emitScent will fail and issue an ssInvalidKey error 
message. 

Scents that do not contain keys are called unauthorized scents. Scents with embed- 
ded keys are authorized scents. Unauthorized scents can be emitted Msing the 
ReminiScents'^ ScentBrowser™. 

Developers will be issued a unique key with their license agreement This key will be 
used to authorize the scent objects that are to be redistributed in product. It is the 
developer's responsibility to aggregate the individual scent objects for distribution in 
product 

The SDK will reject scents that do not have valid keys so it is Important fbr the devel- 
oper to ensure that ftiey authorize the scent that they wish to use in the product 

fiote: The 1 .0 SDK Is distributed with a set of fully authorized dummy ScentObjects. 
These objects are for testing with the emulator only and should be replaced for use 
with an actual iSmell device. 
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Theory of Operations 

The ScentWare SDK is a COM model object packaged as a DLL for use as an in 
process server It may be har^dled as a standard Windows COM object, and it exports 
the requisite functions. 

The SDK has a simple flow of execution. At start run the object is created using 
either the boilerplate helper function IScentWareSDK *CreateScenlWare(void> or 
CoCreateScentWare() if you are using Co!nitialize() and CoUninitiaiize(}. 

At end run the SDK object is destroyed once again with a boilerplate helper function 
ssBool D(5stroyScentWareSDK(ISoentWareSDK * theScentWareSDK). This function 
simply calls the SDK's Release() method. 

Once the object has been created the environment is opened and closed using the 
open{) and closeQ member functions. 

After a successful call to open{) has been made, it is possible to call one of the 
emitScent(...) function signatures or the accessor and mutator functions of the ScentWare 
object 

When the application is finished using the ScentWare SDK, a call is made to close{). 

A function is supplied to allow the app to set the iSmell's communications port prior 
to the call to openQ. in this case, setComPort(). This call mil change, as the production 
iSmeli device will use USB. 

The version accessor functions will allow the app to obtain version Info on both the 
SDI< as well as the iSmell driver that is found on the runtime machine* If no driver is 
found then the getOriverVerslonO function will return NULL.. 

The SDK runs on tq> of a thread that does the work of emitting a scent and timing lU 
persistence envelope. Thfefhread has a lowerthen iKMtnal priority. Thetendering threac 
also prevents the emission of a given scent if the^same scent is still persistent 

If an emit call is made for a different scent while ttie iSmell device is in busy mode 
i.e. th^ a^vfc& artually emitting scdnt efeisence. the scent will be held pending until thi 
de^i^ is not busy ahd ttie s<^t v«U bfe tafilttrea. It ts only ptJSsiWe to hold a single seer 
pending at any^ givan ttme« 

The SDK does not call Cotnitiatize(},ColnlttalizeEx() or CoUninitialize(); this is th« 
responsibility of your application, if you are using this family of functions. Note that thes 
functions are called in the m.ain(} procedure of the example if enabled. All memory use 
by the SDK is automatic data. No memory is allocated by the SDK or driver. 
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The iSmell^ device operates by emitting small portions of scent essences. The va- 
porizer vaporizes the essence mixture, which is then diffused into the surrounding air by 
the diffuser. 

Each scent has vaporizer and diffuser settings in the object, so that It is not neces- 
sary to specifically call setVaporizer() or setDiffuser(), An overloaded signature of 
emitScentO is available. This allows the calling application full control of these settings. 

The Intensity of a scent is based on several factors, the foremost of which is the 
amount of essence that is emitted. Vaporizer and Diffuser settings can also affect the 
intensity but to a lesser degree than the amount of essence emitted. The SDK settings 
for intensity deal with the amount of essence emitted by the iSmelL 

A scent can be either simple or complex; a simple scent uses only a single scent 
essence while a complex scent uses up to eight different essences. Complex scents 
are a product of several different essences emitted with varying intensities. Both types 
of scents have singular Vaporization and Oifaision.settings for their intensity level, ssf^ild. 
ssNormal and ssStrong. 

A scent has two phases of existence: emission, and persistence. While the scent is 
being emitted by the iSmell device, the device is busy and cannot accept further com- 
mands. If a command for a dissimilar scent to the cunrent scent is received during 
emission time it will be held pending. While the scent is persistent In the air, the thread 
mechanisirt disallows the iSmell device from producing further emissions of the same 
scent 

This prevents a succession of game space object triggers from emitting an over- 
v^tmlng scent when only a single emission is needed, iteratively calling emitScentO 
without the protection of the threads persistence aging process can overioad the vapor- 
izer and produce a strong scent with an overfy long persistence envelope. 

The command slot for the thread is a single command deep. If a command is already 
pending, successive calls will fall. When the thread accepts the command It clears the 
command slot and makes It ready for the next command. 

In scent enabling an InteracUve application, generally, ''less Is more'. A worid scent 
that is triggered eveiy 5-10 minutes coupled with prize, event or entity based scents is 
one potential design pat^* 

B^bteu'tttt of xm h«tur« <if se^Ht ^'^f^l^tdfi^ th^ e&iUtxQ a^pliQeUon should be dis- 
creet about the number of calls made. The thread based proteoUon from emitting mul* 
tiple iterations of the same scent will offer further protection from excessive triggering 
of scents. 
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Code Samples and Boilerplate 

Code samples and boilerplate are supplied with the SDK that contain some 0 type 
functions that will quick start and demonstrate the use of the SDIC 

XSceatmreSDK ^Createscentware Cvold) ; 

Creates the COM object SDK without calling CoCreateInstance(). When using this 
Creation routine it is unnecessary to call ColnitializeO or CoUnlnltiaIi2e(). 

ZScentwareSDK *CoCreateScentKare(vold) ? 

Creates the COM object SDK using the Win32 call CoCreatalnstanceQ, It Is neces- 
sary for the application to call ColnitializeO prior to using this routine and CoUninitiaIize() 
at end run. 

ssBool DestroyScentWaredScentW&reSDK *theScentWareSDK) ; 

Destroys the COM object using the Reiease() method of the SDK. If the SDK object 
is NULL, this routine will fail. 

ssVold ShowScentWarefirrorslXScentWareSDK ^theScezitMareSDK) ; 

Will Show errors generated by the SDK as text messages, (f no error has occurred 
the routine will return. This routine uses cout to display the errors. 

ssscringptr GetUSceatUareBrrorStriiigClSceatl^^ 

Will return a pointer to a Static buffer contairdng the current er^ (fthereisno 
error the funcAon will return NULL 

ssBool IsPlatfornSksenrrarMtbTedCs^oid) $ 

Will return ssTrue if the runtime platfbrtn is scent enabled or ssFalse if it is ngt 

A simple application *smelloWorid.cpp' is supplied that demonstrates the Initializa- 
tion and usage of the SDK. 
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Software Emulator - Virtual iSmell device 

A Windows software emulator is supplied that, when connected to the host station 
via a null modem cable, will log and display all transactions with the virtual iSmell. This 
application and its support files are. located In ScentWareSDKVEmulator 

The emulator requires a second computer (the target) to be connected to th^ host 
(development) station via the null modem cable. This cable should be oonnecte<^ from 
C0M1 on the host to C0M1 on the target. 

Once the connection Is made, run the program iSmellEmulator.exe on the target ma- 
chine and your scent enabled application on the host The emulator will output the com- 
mands sent to it as text in a text window. 

The emulator program uses a list of scent names supplied in names.txt, this file can 
be customized to meet your specific needs. The file format is a simple text file contain- 
ing the names of each scent on a separate line with the word End followed by a return at 
the end of the listing. 
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ScentWare Library Reference 
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Prototype: ssBod Sc>entWareSDK::close(ssVold) 

* 

Arguments: void 

Returns: ssTrue, on success 
cr 

the runtime platform is not equipped with an iSmell devioe. 
ssFalse.onfail 

the iSmell driver reported an error, 
or 

the rendering thread was unable to terminate. 

Descriptioa- 

Closes the iSmell driver, destroys the rendering thread and releases all COM objects. 
Notes: 

If ttie driver is not present this will return ssTnie. 
Example: 

if /theSceatWareSDK->close()«=«3sPalse) // close the SDK 

OutputDebugStringC*ERR0R* theSceatWareSDK->close ( ) FAJiSBXn*); 
ShowScentWai:eErrore(tlieSceiitWareSDK) ? // show any errors 
return £al8e; 
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Ptototype: ssBoolScenfWareSDK::emftScent( ssScentPtrsoentObjed, ' 

sslntensity inteosHy^sssNonmal) 

Arguments: ssSoentPtrscertObject, a pocnterto a scent object. 

sslntensKy (ntenstty, ssMild. ssNormal, ssStrona this defaufts to ssNofTnaL 
this relates to the intensity of the scent emitted. 

Returns: ssTme, on success 
or 

the runtime plattonn is not equipped with an iSmell device, 
or 

the scent has been recently emitted and is already persistant in the air. 
ssFaise, on fail 

an emftSoentO command is in the pipe waiting for render thread service, 
or 

scentObjectisNULl. 

Description: 

One of the function signatures for emitting a scent The atg intensity defaults to ssNomial 
intensify and can be omittedforthis behavior. 

Notes: 

tf intensify is out of range an SOKerror wiii be posted, the parameter will be set to ssNormal 
and execution will continue. SeeAlso: emitScenf(ssScentPfrsoentObject,ss!nten»ty 
(nten8lty,$sU16dif!tision,ssU16 vaporization) 

Example: 

if ( theScent«areSDK->emlt:Sceiit: (&clnTwinon) gassPalsel // emit noxnal ^ceiic 

OutputI>ebugString( * ssGoiitScent (ftGltmanim) EAZXi* ) 7 

ShowS<^ciirareBrr0i76(taieSC6nmareSD^ ; • // sbow any ersG^rB 

return false; 

> 



it t thttSceittWareSPK->egAtSceat (frclnnamon^ ssMild) ggsaPalse) // emit mild sceat 
t 

SU&W§e^tt^a«il&lf5l?ls(^&SQ^t^^ // show any 

errors. 

retiim £aXaei 
> 
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Prototype: ssBoolSceniWdreSOiC:emitSoent{ 



Arguments: 



into the air 



ssSoentPtrscentObject, 
sslntensity intensity, 
ssU16(fifiusion, 
ssU16 vaporization) 



ssScentPtr scentObject, a pointer to a scent object 

sslntensity intensity. ssMild. ssNonnal or ssStrong 

ssU16 diffusion, (0-265) controls Ihe rate of diffusion into tfie air. 

ssU16 vaporization ((W<Ma>A/apofizerSetting) controls the rate of vaporization 



Returns: ssTme, on success 
or 

the runtime platfonn is not equipped with an iSmeil device, 
or 

the scent has been recent^ emitted and is already persistant in the air. 
ssFaise^ onfail 

an emitScent() command is in the pipe waiting for render thread service, 
or 

scentOblectisNULL 

Description: 

One of thefunc^on signatures for emitting ascent The arguments ailow a greater degree of 
control overhov^rthe scent is emitted bytheiSmeft Intensity controls die quantity of eoent 
essence emitted, diffusion controls howquictdy the iSmell pushes the vaporized essenc9 into 
the surrounding erwironment and vaporization controls howquickiy the soent essence is vapor* 
iZBd. 



Notes: 

if ffitensity or vaporizer are out of range an SpKerior will t>e p^ 
to either ssNormal for intensity or kOefiauiA^^ 

corrtfriue. See Also: emit8oent(ssScerUPtr soentOi:tect,ssInten8Hy intensity) 
Bxatnpie: . . ^ 

c 

Gout « *ssKmlt£k^t:(GcClxmainon#88Stroag,255«100> i%ZZi« « essdl; 
ShowScentMareBrrorsCtheScenm // show any errore 

return false; 
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Prototype: ssBooi SGentWaiBSDK::ecTorBdsfs(ssVoid} 
Arguments: none 

Returns: ssTrue if an error has occurred. 

ssFalse if no error exists. 

Description: 

Used to detennlne If an error has occured in the ScentWareSDK. there is a helper routine in 
the boilerplate called ShawSoentWar^rrors() that will show the error numt^ers as text mes- 
sages. 

Notes: 

None 

Example: 

i£(theScentWareSOK->errorExistB()==esTrue) // has a error occured ? 

( • . 

ShowScentWareErrors(UieScentWareSDK) J // show any errors (boilerpXate) 
) 
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QetOrlvcrVersion 



Prototype: const char *ScentWareSDK::oetDrivefVers(on{ssVo[d) 
Arguments: void 

R^ms: a pointer to a NULL terminated string containing the iSmed driver version, 
or 

NULL rf the iSmeii driver is not present on the runtime machine. 

Description: 

Used to obtain the drivers version string. 
Notes: 

This must called post to the call to openQ. 
Example: 

const: char *drivie£Ver6ions:theScentWareSDK->>geU3rivei;i^ersion() ; 
OutputX}ebagS trlng- (driverVerc ion ) ; 
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Prototype; ssErrorStajctPtr ScentWaneSDK::QetErrors(ssVold) 
Argum^ts:vo(d 

Returns: a pointer to the SDKs error etaictura. 
Description: 

Allows the app to get a pointer to the staicture In which the SDK stores its errors. 
Notes: 

This only needs to,be called once to allow the application developer to view the enor structure 
which is a private memberof the dass. 

Example: 

// get the pointer to the errors structure 

ssErrosrStructPtr nySceutWareBrroK =t theScentWareSDK">getErrors{) ? 
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Prototype: const diar*ScentWareSDK::aelVef«ran(ssVold) 
Arguments: void 

Returns: a pointer to a const string containing the SDK version number. 
Description: 

Used to obtain a string containing the version info for the SDK. 

Notes: 

None 

Example: 

const cliar ♦theversion = theScentWareSDK->getVersion ( ) ? // get SDK version 
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isOevicePresent 



Prototype: ssBool ScenlWafBSDK.":lsDevjcePrBsent(ssVQld) 
Arguments: void 

Returns: ssTrue if an iSmell or emulator is connected to the system, 
ssFalse if an iSmell or emulator is not connected. 



Description: 

Used to detennine if an iSmeK is present on the runtime system. This will allow the app to 
enable or disable any preference controls that relate to scent 

Notes: 



Must be called post the cad to open(). 



. Example: 

if { theScent:KareSOK->xsDevlceeresent ( I — ssPalse) 
( 

// disable controls 
} 

else 

{ 

// enable controls 
) 
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isOpen- 



Prototype: ssBool SoentWareSDK::isOpen(8sVoid) 
Arguments: void 

Returns: ssTaie if the SDK is open, 

ssFelse if the SDK is not open. 

Description: 

Allows the app to determine if ihe iSmelfDriver has been opened- 
Notes: 

If the driver is not present this vwll return ssTiue, 
Example: 

if (theScentWareSDK->isOpea(|==Bcn:ue> // i-s the iSmellDrive open 7 

if ( t:heScentWareSI)K->isDevicePresent ( ) KSSFalse) 
{ 

// disable controls 
) 

else 

( 

// enable contxols 
} 
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Proto^: ssBooI Sce(UWaiT9SDK%1sPerfiistent(ssScentPtrsoertOt3e^^ 

Arguments: ssScentPtrscentObject, a pointer to a scent object 

Returns: ssTrue if the given scent is cunrentiy persistent 

ssFalse if the given scent is not cunnently persistent 
or 

scentObjectisNUU. 

Desaipfjon: 

Usedtodetemiine if the given scent is currently persistent 
Notes: 

Persistence is the emission time plus the scents local persistence time. 
Example: 

if ( t:heSGentWareSDK->lsFerslst«t ( worldSce&t) esssPalse) 
{ 

tlieScenCWareSDK->emltSceQt(worldScent) ; // emit a sceat 
) 
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Prototype: ssBool 8centWar980K::isPdn6lstent(s$Void) 
Aiguments: void 

Returns: ssTrue if any scent is currently persistent. 

ssFalse if no scent is notcumently persistent 

Description: 

Used to determine if ariy scent is currently persistent 
Notes: 

Persistence is the emission time p(us the scents local persistence time. 
Exanriple: 



IsPcrsistent 



l£ ( theScentWareSDK'>isPerslstent ( ) ^esFalse} 
( 

t:2ieScentWareSIM^->emltScent(ci]inaai9n) / 
} 



// emit a scent 
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Prx>totype: ssBool ScenfWar6SDK::opQn(ssVoid) 
Arguments: void 

R^ms: ssTrue, on success 
or 

the runtime platform is not equipped with ian iSmell. 
ssFalse, an error occured opening the iSmell driver 
or 

starting the rendering thread. 

Description: 

Opens the ScentWareSDKand the iSmell driver if one is present 
Notes: 

The ScentWareSOKwill function nomiaHy and show no errors if the runUme platfonn Is not 
eqMipped with an fSmell device. 

Example: 

if (t3ieScentWareSDK->open()==ssFalse) // opea the SDK 

OutputDebugString( •♦ERROR* theSceat:WareSDK->opea() FAliSE\n")f 
ShowScentWareErrbrsttheScentWareSDK); // ohcw any ezrors 
retura false; 
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Prototype: ssBoot Sc6ntWareS0K':sefCa[lbdck(ssScdntPtrsoent0bf^ 

ssCallback callback, 
ss832userfd) 

Arguments; ssScentPtr scentOfcject, a pointer to a scent object 
ssCafiback callback, the address of the callback functioa 
ssS32 usrid, a number that the app will use to identify the caller. 

Returns: ssTrue If the driver is not present, 
or 

if the scent object was set with the callback and ID. 

ssFalse if scentObject is NUU. 
or 

callback IS NULL 
or 

scentObject is cutrently persistent 

Description: 

Initializes a scent object v/Hh a callback function and ID. Upon completion of ttie scents persis- 
tence period the callbackfunction will be invoked. 

Notes: 

The callbadcand userld members of the scent will not be cleared during the callback process. 
This is to create a situation where the SOKdoes not retain pointers to scent objects for the 
pupose of writing back to fhem, the retained pointers are used for observation only. 

Bcample: 

void HyCaIlback(ssS32 ID) ( // do eomethlng bere } // declare callback 

// set callback 

If { caiesoen tWareSDK->getCalIbacfc(&ci ntvimoti^ MycallBack^ laayCailbacfcTDl osssFalse) 
( 

Oul^gHi tPebugStrxng ( * setr^ll hflok(&ci nnamon > MyCallBacIc, WyCallbacfciD) FAIL"}; 
ShowSoeatArareBrrorB(the5crat»rar^^ - // show axxy errors 

*> 

ii,^^^ «titolt Mkmg 4tity turn ^li^e^d £iifk6^taa eida^&iur^ 
i£ ( theScenc:MareS0K-->eiidt6csent (&olmiaiaoa) ««8aP«a:a«) 
.( . 

Out.putbeliuoSi:rlno(«6fiffimltSceat(<tcim F21ZI.'}; 

ShowScentwareBrrorsCtlieSceamareSOR) ; // any errors 

return false; 

) 
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Prototype: ssBod SoentWaraSD(C:set(>}ntf'0ft(8sS&1ngPirportName^ 

Arguments: portName, a NULL terminated string containing the port name. 

Returns: ssTrue, on success 

ssFalse. if the SDK is already open, 
or 

If the string Is incorrectly formatted. 
, or 

portName is NULL 

Description: 

Used for the comm port type devices (see note) to set which comm port will be used to com* 
municate with the iSmell. Valid portNames Bxe'^OMV. ""COM2:" "COMSi" etc. 

Notes: 

This must t>e called prior to the call to openQ- The production iSmeirs will be USB rather then 
serial devices, as a result of this differential this AP( is subject to change to allow the selection 
ofa USB device. . 

Bearnpte: 

if (theScentWareSDK-'>8etCOiaPore(''C0£ll7*}»=ssFaIse} // aet the com port 
{ . 

OutputDebugStrlng ( * «BRR0R* theSGentWareSDK->setComPort { \ "COMl : \ " ) 

ShowSQentwareBrrors(theScentWftrefiPK) s // ehow any errors 

return false; 
) 
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i 

Pfototyjpe: ssBooI ScentWareSDK::set06VioePresen((ssBool yesOrNo) 

Arguments: yesOrNo, ssTaie 

Returns: ssTaie if the driver is not present 
or 

if the flag was set 

ssFalse if the driver is already open, 
or 

yesOrtMo is out of range (ssTrue or ssFalse) 

Description: 

Allows the system to run on a platfbnn Hiat has the driver installed but does not have either an 
iSmell or the virtual iSmell emulator attached. 

Notes: 

None 

Example: 

if (cheScent:Ware8DK->8etDevioePresent (ssFalse) s=s:ssTrue) // disable tlie device 

{ 

OutputDebugStrlngC ISmell disabled*); 
} 
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Prototype: ssBooI SoentWareSDK:fietDIffoser(ssU16difluslo^^ 

« 

Arguments: ssU16 diffusionRate, (0-255) the rateof the diffuserin the iSmelL 

Returns: ssTrue, on success , 
or 

the runtime platform is not equipped with an iSmell device, 
ssFalse, onfall 

the driver reported an error, (device not on or connected) 

Description: 

Allows setting of the dt(ffuser in the iSmeli ind^Dendant of the emission of a scent 
Notes: 

If diffusionRate is out of range (0-255) it will be set to kOefauItDlffuserSettlng and execution 
will continue. 

Example: 

if {theScentWareSDK->setDiffuser(245)==ssFalse) // set the diffuser 
i 

OutpucOebugStrlng { ■ tlieSceatWareSOK->setBif f user ( 245 ) PAI*SE\n « ) ; 
SfaoMScentWareBrroreCtheScentWareSDK); // show any errors , 

return, false; 
> 
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Pntotvpec ssBooI 8oenlWareSDK::set8centStatus(8sBoo( onOrOfQ 

At^ments: ssBoolonOrOff. ssTrueorssPadse 

Returns: ssTrue on success 

ssFafse on fait, system not open, 
or 

onOrOff is out of range (ssTaie-ssFalse) 

Description: 

Used to enable and disable the emission of scents from the iSmell. 
Notes: 

If the driver is not present this will return ssTrue. 
Example: 

if (scenttoOrOf f Box-X3etCheck ( ) ==true) 

theScentWareSDK->setScentSt:atiis<ssTrue) ; // turn 3cent on 

else 

theSceiit:WareSDK->set.ScentStatus(ssFaIse) ; // turn scent off 
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Prototype: ssBool SoentWareSDK::seR/aporizer(ssU16 vaportzationRate) 

Arguments: ssU16 vaportzationRate, (04*/lax^feporizerSetting) the vaporizer temperatur^. 

Returns: ssTrue, on success 
or 

the runtime platfonn is not equipped with an iSmeil device. 
ssFalse.onfafI 

the driver reported an error, (device not on or connected) 

Description: 

Allows setting of the vaporizer in the iSmell independent of the emission of a scent 

Notes: 

if vaportzationRate is greater then kMaxNfeporizerSetting it wiil be set to the value 
kOefauttVaporizerSettir^ and execution witi continue. 



Example: 



tf (theSoentWareSDK->setVapori2er(75)«=SfiFalBe) // set the vaporizer 
( 

OutputDebugString( •tAeSceatWareSbK->setVapDri2er<75) FAliSE\n« ) ; 

€howSceiittfareBrrors(theSoezitWar«SCaC}; - , // gI^ow errors, boile^Iat 

return false; 
> 
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Awendix 
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Figure 1.0 types 





vol.d 


ssVoid; 




* 


ssPtr; 




** 


BsHdl; 


typed© f 


signed char 




typedef 


8SS8 * 


SsSBFtr; 


typ^def 


unsigned char 




typedef 


ssU8 ♦ 


ssCSPtr; . 


typedef 


signed short int 


SSS16; 


typedef 


CSS16 * 


ssSiePtrj 


typedef 


uosigned short int 


s.sai6; 


typedef 


ssm.6 ♦ 


ssul6Ptr; 


typedef 


signed long int 


6s£;32; 


cyi^edef 


8SS32 « 


ssS32Ptr; 


typede£ 


imsigned long int 


SS032; 


cypedef 


SS032 * 


ssD32Ptr; 


typedef 


char 


ssSfcring; 


typedef 


ssStxing * 


ssStringPtr; 


cypedef 


float 


ssFloat; 


typedef 


ssFloat ♦ 


ssPloatPtr; 


typedef 


SS032 


ssSystemXd; 
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Figure 2.0 ssBool 



typedef enum 
£ 

ssPalse = 0, // false 
ssTrue =s 1 // true 
}ssBool; 
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Figure 3.1 ssSdkError 

typede£ eaum 



ssNoError 




0, 


// 


all is well 


ssDevic^otlns tal Ie<S 




1, 


// 


ISsvellDriver not inc tailed 


ssOpenPail 




2, 


// 


open failed 


ssDriverMustBeClosedToSetComPort 




3, 


// 


cant set if open 


ssComPortStrlnglsBad 


ss 


4« 


// 


«COMl:» -CCm:" etc... 


sfiUnableToCreateThread 


s 


5, 


// 


can't create thread 


ssUnsupportedlnterface 


«s 




// 


uasiipported interface request 


ssParameterlsOucOfBaage 






// 


paarameter is out of range 


ssPairatnecerZsOutOfRangeFixed 




e. 


// 


out of range parameter fixed 


ssHUIlPcurame ker 


ss 




// 


WJliL parameter error 


SGinvalidX^ 




10, 


// 


invalid security key- 


ssSeeDriverError 




11, 


// 


driver error occured 



sslAstBrror 
}ssSd)cBrror; 
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Figure 3.2 ssThreadError 



typedef enum 
( 

ssThreadfik>Brror 

ssThreadCan tGetSxi tCode 

ssThreadCantTermlnate 

sEThreadNoAolnaEnt riesAvai lable 

ssThreadlTnableToSetPriorlty 

ssThreacJSeeDriverjBrror 

ssThreadl«asl:Error 

) ssltoeadBrror; 



0, // groovatious 

1, // GetExitCodeThreadO failed 

2, // TermtnateThread ( ) failed 
3/ // > 16 scents persistent 

4, // SetThreadPriorityO failed 

5, // driver error in thread FSH 
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Figure 3.3 ssDrlverError 

typedef enum 
( 



ssDriverKoError 




0. 


// 


all is well 


ssnriverQAsupportedlnterface 




X, 


// 


IID_IUnknown/IID_iSmellDriver 


66DrlverD€bvic€XsKotQpen 




2, 


// 


didn't call openO 


ssDriverSpuriousCallTOQpexx 


fe 


3, 


// 


called opetiO more then once 


'ssDriverSpurlGusCallToclose 


St 


4, 


// 


called cIoc« more then once 


ssDrlveirCelUKmiberOutOfRaiige 




5, 


// 


cell number is out of range 


ssDriverCheckSumErxor 




6, 


// 


checlcsum error 


ssDriverCanOnlyMarkEightCel Is 




7. 


// 


only eight cells can be loarked 


ssDriverRoWNumberOutOf Range 




8, 


// 


valid rows are 0-7 


ssDriverColNumberOutOf Range 




9, 


// 


valid cols are 0-15 


ssDriverDidntRxStatusstrlng 




10, 


// 


di <1nt get a status string 


ssOrlvecflotCheckSuxDMessage 




11, 


// 


invalid couonand confinoation 


ssDrlverCantOpenCoxomPort 




12. 


// 


can't open COMM port 


ssOrlverComPortStringTooLotig 


s 


13, 


// 


•COMli- *C0M2s« ... 


ssDrlverCoatPortiStringCorrupt 




14, 


// 


•COMl:" -COM2:- ... 


s8t)riverNullAx9fUxnent 




15, 


// 


NULIi argum^t passed to driver 



ssDriverlisistBrror 
} sEsDri verBrror ; 
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Figure 3.4 ssCommloError 



typedef enum 
( 

ssCoxmnNoError 

ssConanFalledToOpenCommPort 

ssComnFalledToSetCoinmConfiguration 

ssConroFailedToSetCoinmTijneOuts 

ssCotnmFailedToGetCommStAte 

s sConanPailedToSetCoinmS ta te 

s sCoromFailedToWri teToPort 

ssCommFailedToReadFromPort 

sfiComiiiFailedToClearBrror 

ssCODORiiFalledToClearlbcBuffer 

ssCoioaiXiascsrror 

} ssCommloBrror ; 



0, // cool- 

1, // Creat^lleO failed 

^, // SetXk3innCon£ig(> £ailed 

3, // SetContaxTineoutsO failed 

4, // GetCommStateO failed 

5, // SetCommState ( ) failed 

6, // WriteFiled failed 

7, // ReadPileO failed 

8^ // ClearCowmErrorO failed 

9, // PurgeCo3nm(RX) failed 



151 



SUBSTITUTE SHEET (RULE 26) 



wo 01/007093 



PCT/USOO/20029 



CONFIDENTIAL 



Rgure 3.5 ssUsbloError 



cypedef enum 
{ 

ssUsbNoError = 0, 
6sUsbZ»as tError 
) ssasbloBrror ; 
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Figure 3.6 ssErrorSfruct 

typedef struct 
{ 

ssSdkError sdkError; 
ssThreadError threadBrror; 
ssDriverError driverError; 
ssCoznmloKrror comuioBrror; 
ssOsbloBrror usbloBrror; 
) ssBrrorfitzruct ; 



// SDK errors 

// Thread errors 

// iSmellDriver.dll errors 

// COMM 10 errors 

// USB 10 errors 



typedef ssErrorStruct * ssErrorStructPtr; 



153 



SUBSTITUTE SHEET (RULE 26) 



wo 01/007093 



PCT/USOO/20029 



CONFIDENTIAL 



Rgure 4.0 ssCaUback 

typedef void (*ssCaXlback} (ssS32) ; 
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Figure 6.0 sslnfenslly 



typedef enum 
( 

ssMild = 0, 

sstrormal = i, 

ssstrona =2, 
esLastlntensity = 3 

)s6lntezi6xt:y; 
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Figure .6.0 ssScent 



typedef struct 
( 

ssString 

6SU16 

SSU16 

ssSyste&ad 



name [ kMaxSceatKameiiength] ; / / 

cell? // 

intensity; // 

eystemZd; // 



the components common name 
the cell containing the scent 
the normal intensity 
systeiR scentid 



) seScentCofflponent ; 

typedef struct 
{ 

88016 

GsString 

ssUlfi 

&S016 

8SIJ16 

S8U32 
SSS32 

ssSfysteoiXd 
SSU32 

' ssCallback 
seXStC 

ssScentConiponent 

ssString 

)ssSoent; 



revision; 

name t icKaxScenCH^ebeng th] ; 

diffuser; 

vaporizer; 

mild; 

strong: 

persistence; 

userld; 

systemXd; 

keyfkMaxKeyliengthj ; 
callback; 

nuznberOf Coooponents ; 

component [kHaxScentQosaponents J 

reserved [kReservediiength] ; 



// rev nuniber (reserved) 

// top level common name 

// diffusion rate 

// vaporization rate 

// ittild intensity off ft 

// strong intensity of f % 

// the persistence time 

/✓ user ID for the callback 

// system scentid 

// security key 

// user callback address 

// # of components « 1 based 

;// scent coixiponent(s) 

// (reserved) 



typedef ssScent * ssScentPtr; 

#de£iae kSizeOfSsscent slzeof (ssScent) 
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Figure 7.0 IScenfWareSDIC 



Incerfece IScentWareSDK j ItJnknovna 
( 

virtual csBool open(BGVold}sOj 
virtiial S6B00I close {6sVoi<i}«0; 

virtual ssBooI setVaporizer(esDl'6 vaporizatlonRa.be> ^0; 

virtual ssBool setDif£user(ssU16 di£fusioniRate)~0; 

virtual ssBool eetComPortCssStringPtr portNaxne) =:0 ; 

virtual ssBool setScentStatttsCssBooI oaQrO£f)-0; 

virtual ssBool setDevlcePreseat (ssBool yesOrKo)s:0; 

virtual ssBool setCallbackCssScentPtr scentObject» 

ssCallback calUiack, 
ssS32 userXd)>=0} 

virtual const char * getVersion.(8SVoi<i)=0; 

virtual const char * getOriverVerfiion(ssVoid)eO; 

virtual ssBrrorStructPtr 0e*tBrrors(sSVoid}=O; 

virtual ssBool errorBxists<ssVbid)='0; 

virtual ssBool isOpen(s^oid)«0? 

virtual ssBool isZ7evicePresefxt<esVoid}s:D; 

virtual ssBool isPersistent (8sVoid)=0; 

virtual ssBool isPezsistent(8sScentPtr scentObject)=0? 

virtual ssBool emitSoont( ssScentPtr 6cent0b3ect« 

s63Cnt«[islty Intensitysssiiabxaial) ^0^ 

. virtual ssBool emltScent( sfiSc^tFtr scentObjectr 

sdiit^isity intensity. 
ssni6 diffusion r 
ssai6 vaDorlzation)«0; 

)i 
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Figure 7.0 Bollerplafe Functions 

IScentWareSDK ^CoCreateScentWare (vol<3[} ; 
IScexxtWareSDK *CreateScentWare ( void) ; 

ssBool DestroyScenCWaredScentWnreSDK *tlieScentWAreSDK) ; 
ssVoid SUowScentWareErrorsdScentWareSDK *theScentWareSDK) ; 
ssStrinaPtr GetScentWareErrorString(IScentWareS0K *theSceiitWareSDK) ; 
ssBool PXatformXsScentBnabledCssVoid) / 
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SDK Contents 

This SDK contains the following items. 
iSm^ilDrivenail 

This is the low level driver for an iSmell, a runtime machine that is equipped with an 
iSmell device will have this driver on it- 
Do not distribute this file (iSmellDriver.cJIi) with your application. It is for development 
purposes only. 

ScentWareSDK.dn 

This is the DLL that will be distributed with your application. It will make use of the 
iSmeilDrivar DLL if it Is present on the aintime machine, or in the absence of the 
iSmellDriver it will fail gracefully. 

Scenti/VareSDK,h 

This is the header file for ScentWare development Include this in any source file that 
malces use of ScentWare components. 

CreateScentWareSDtCcpp 

This is a module of boilerplate code that may be used to quidc start: the SDK and to 
display SDK errors. - 

Test Scents 

cinnamon, ocean, greenGrass and smoke. These are authorized scent objects for test 
. Ing with the virtual iSmeK emulation software. 

iSmetf Emulatonexo and names.txt 

The iSmell emulator and its support file names.txt 
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Glossary 

Persistence 

The amount of time from the beginning of the emission of the scent until it \s no 
longer subjectively distinguishable in the air. 

Emission of Scent 

The physical emission of a small quantity of scent essence by the iSmelf device. 
Diffusion 

The amout of air passed throught the scent vaporization chamber. In the SDK this is 
represented as a number from 0-265, (O==off). Lower diffusion rates v/lll soften the 
strength of a scent. 

Vaporization 

The amount of heat applied to the scent essence In the vaporization chamber. This 
is represented in the SDK as a number from 0-i<MakV/aportzerSetting, (o=:s:ofQ. (higher 
vaporization rates will create scents vAih a sharp onset and shorter persistence, as the 
essence will be vaporized more quickly. 

Intsensity 

The subjective strength of a scent from mild to strong. See sstntensity Fig, 1.4 
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What is claimed is: 

1 . An emitting device for generating a scent comprising: 

S a memory module for receiving a electronically represented scent profile, 

wherein the scent profile represents the scent to be genemted; 

a plurality of containers to contain chemical components which may be 
selectively activated to create a perception of the scent; 

a plurality of activating devices for activating mdividual chemical components; 

10 and 

a controller which activates the individual chemical components in accordance 
with the electronically represented scent profile to generate the scent 

2. An emitting device as in claim I wherein the activating devices 
1 S v^orize die individual chemical components. 

3. An onitting device as in claim 1 v^erein the controller selectively 
vaporizes the individual chemical components in appropriate relative intensity in accordance 
with the scent profile. 

20 

4. An emitting device as in claim 3 fijrther comprising a mixer for 
blending the vaporized chemical components. 

5. An emitting device as in claim 4 further comprising a pump or 
25 pressurized gas to provide a stream of air to transport and emit the vq>orized chemical 

components as the scent enutted fix)m the device. 

6. An emitting device as in claim 1 wherein tiie plurality of containers to 
contain chemical components are contained in an int^hangeable cartridge. 



30 



7. An emitting device as in claim 1 wheieia ihe interchangeable cartridge 
contains a set of ch^cals sfpecific to a particular application. 
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8. An emitting device as in claim 1 whierein an ordered set of elements is 
used to create the scent profile, and said ordered set of elements is selected fi-om: a set of 
mammalian olfectory receptors; a set of mammalian olfactory receptor structures modeled on a 
computer; a set of odorant substances sampled by one or more humans; a set of odorant 

5 substance structures modeled on a compute^ a set of odorant descriptors; a set of response 
elements in an artificial scent-sensing device; or a set of odorant substances available in a 
scent emitting unit. 

9. An emitting device as in claim 8 herein the controller further 
10 comprises a computer program to transfoim a scent profile based on a set of mamnudian 

olfactory receptor stnK^tures modded on a computer, a set of odoiant subs^ 
one or more humans, a set of odorant substance structures modeled on a computer, a set of 
odorant descriptors, or a set of response elements in an artificial scent-sensing device, mto a 
scent profile based on a set of odorant substances available in tiie emitting device. 

15 

10. An emitting device as in claim 1 i^vherein at least one of the chemical 
components is in solid phase. 

11. An emitting device as in claim 1 wherein at least one of the chemical 
20 components is in liquid phase. 

12. An emitting device as in claim 1 1 wherein the liquid phase chemical 
component is pressurized for delivery via vaporization or as an aerosol. 

25 13 . A scent emitting device comprising: 

a plurality of reservoirs for containing chemical components; 

at least one evaporation chamber in which chemical components evaporate and 

mix; 

a plurality of c^illaries in fluid communication with the reservoirs and the 

30 ev^oradon chamber, wherein flie chemical components flow through the capillaries to the 

evaporation chamber by capillary action; and 

a control device for selectively regulating the flow of the chemical componmt 

through each capillary, so as to deliver the appropriate chemical components in the appropriate 

amount to the evaporation chamber to be eva^rated and xnixed to create a desired scent 
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14. A scent emitting device as in claim 13 wherein the control device 

comprises: 

micro-valves, each regulating the flow through a capillary; and 
S a controller structured and configured to selectively control the operation of the 

micro-valves based on input data that represents the scent to be created. 

15. A scmt cutting device as in claim 13 wherein the evaporation 
chambers conq)rises heating elemmts which heat the chemical components delivered to the 

10 evaporation chamber. 

16. A scent etnittmg device as in claim 13 further comprisiiig a pump or 
pressurized gas to provide a stream of air througja the evaporation chamber to transport and 
Gosit the evaporated chemical components as the scent emitted fiom the device. 

15 

17. A scCTt emitting device comprising: 

a plurality of reservoirs for containing chemical components; 
an evaporation platform on vfinch chemical components are deposited, 
ev^x)mted and mixed; 

20 a plurality of conduits in fluid commimication with the reservoir and the 

ev^x>ration platform, vsdierein the chemical components flow through the conduits to the 
evaporation platform; and 

heating elements which selectively heat the chemical component in each 
reservoir to facilitate delivery of the chemical component through the conduit and deposition 

25 on the evaporation platform; and 

a control device for selectively regulating the flow of the chemical component 
through each conduit by selectively controlling heating of the heating means, so as to deliver 
the appropriate chemical components in the appropriate amount to the ev^x)tation platform to 
be evirated and mixed to create a desired scent 



30 



18. A scent emitting device as in claim 17 further comprising heating 
elements to heat the chemical components deposited on tiie evaporation platform. 
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19. A scent emitting device as in claim 1 8 wherein the chemical 
components are deposited on respective regions on the evaporation platform and the heating 
elements which heat the chemical components deposited selectively heat the regions to 
achieve a desired evaporation rate for the respective chemical components^ thereby achieving 
tiie desired intensity of the chemical components for mixing to create the scent 

20. A scent emitting device as in claim 19 wherein the control device 
synchronizes the operations of the separate heatii^ elements with input data that represents the 
scent to be created. 

21. A scent emitting device as in claim 20 further comprising a pump or 
pressurized gas to provide a stream of air through tiie evq)oration chamber to transport and 
emit the evaporated ch^nical components as the scent emitted from the device. 



IS 22. A scent emitting device as in claim 17 wherein the eviration platform 

is movable so as to transport Ifae chemical components deposited thereon away from Ihe 
conduits after scent emission. 



10 



23. A scent emitting device as in claim 22 >?siierein the evaporation platform 
20 transports the chemical components to a heating station downstream in the direction of travel 

of the eviration platform, whereby the chemical components are selectively heated and 
evaporated at the heating station so as to minimize evs^ration outside of the heating station. 

24. A scent emitting device as in claim 22 wherein the evaporation platform 
25 is made of a fibrous sheet material which absorbs the chemical components deposited thereon. 

25. A scent emitting device as in claim 24 wherein the fibrous sheet 
material is blottuig paper. 

30 26. A scent emitting device as in claim 24 ivvfaerein the fibrous sheet 

material is m the form of a contmuous roll which is unwound from a first roller, the unwound 
portion of said sheet passing under the conduits and to the heating station, and then wound at a 
second roller to wind back jxp the unwound portion after it passes the heating station. 
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27. A scent emittmg device as in claim 22 wherein the heating 
elemOTts, the heating station and the movable evaporation platform are synchronized so as to 
deposit the appropriate chemical components in the appropriate amounts and evaporate them 
in the appropriate intensities, based on input data that represents the scent to be emitted. 

5 

28. A scent emitdcg device as in claim 17 "herein the eviration 
platform comprises a plurality of pads, each positioned under a conduit. 

29. A scent emitting device as in claim 28 further comprising 
1 0 heating elements for selectively heating the pads. 

30. A scent emitting device comprisii^: 

a plurality of reservoirs for containing chemical components; 
an air flow tube operatively coupled to each reservoir 
IS a plurality of conduits in fluid communication with the reservoirs and the air 

'flow tube, m a manner wherein the diemical components are drawn through the conduits by 
air flow in the air flow tube; and 

a control device for selectively regulating the flow of the chemical components 
through each conduit, so as to deliver the appropriate chemical components in the appropriate 
20 amount to the air flow tube. 



31. A scent emitting device as in claim 30 wherein the control device 

comprises: 

a plurality of valves, each regulating the flow through a conduit; and 
25 a controller structured and configured to selectively control the operation of the 

valves based on input data that represents the scent to be created 

32. A scent knitting device as in claim 3 0 further comprising a pump or 
pressurized gas to provide a stream of air through the evaporation chamber to transport and 

30 emit the evaporated chemical components as the scent emitted from the device. 

33. A scent emitting device as in claim 32 wherein the air flow tube is a 

Venturi tube. 
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34. A scent emittmg device as in claim 30 wherein the conduits comprise 

tubes. 

35. A scent emitting device as in claim 30 wherein the conduits comprise 
5 channels through a hi^ sur&cc area medium. 



36. A scent emitting device as in claim 35 wherein the high surface area 
medium comprises a gauze material. 
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"Lemony" 



Name: 

RemlnlScentsID: RID-7642 
Description: 



Scent of Lemon 



Sensory 
Index: 



AltemoteNames: CItrusy, Fruity, Sweet 



SIDX-54: 



Hedonic Vectors 



preferred 


Vec. ID 


Hed. Category ID 


Value 
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12rTart") 
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Name: 



Structure 
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